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NORTHERN ARIZONA ENERGY, LLC, IN
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SWITCHYARD, ALL LOCATED IN
MOHAVE COUNTY APPROXIMATELY 9
MILES SOUTHWEST OF KINGMAN,
ARIZONA.
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IN THE MATTER OF THE APPLICATION OF
NORTHERN ARIZONA ENERGY, LLC, IN
CONFORMANCE WITH THE
REQUIREMENTS OF ARIZONA REVISED
STATUTES 40-360.03 AND 40-360.06, FOR A
CERTIFICATE OF ENVIRONMENTAL
COMPATIBILITY AUTHORIZING
CONSTRUCTION OF A 175 MW NATURAL
GAS-FIRED, SIMPLE CYCLE GENERATING
FACILITY AND ASSOCIATED
TRANSMISSION LINE INTERCONNECTING
THE GENERATING FACILITY TO THE
ADJACENT WESTERN AREA POWER
ADMINISTRATION GRIFFITH
SWITCHYARD, ALL LOCATED IN
MOHAVE COUNTY APPROXIMATELY 9
MILES SOUTHWEST OF KINGMAN,
ARIZONA.

BEFORE THE ARIZONA CORPORATION COMMISSION

COMMISSIONERS
MIKE GLEASON, Chairman
WILLIAM A. MUNDELL
JEFF HATCH-MILLER
KRISTIN K. MAYES
GARY PIERCE

DOCKET NO. L-00000FF-07-0134-00_33

NOTICE OF FILING
APPLICANT'S SUPPLEMENTAL

INFORMATION

MOYES STOREY, LTD.

1

2

3

4

5

6

7

8

9

10

1 1

12

13

14

15

16

17

18 Applica nt, Northe rn Arizona  Ene rgy, LLC, he re by provide s  notice  tha t it is  filing he re with

19 S upple me nta l Informa tion to Applica tion for a  CcNifica tc  of Environme nta l Compa tibility for the

20 Northe rn Arizona  Ene rgy P roje ct.

21 RESPECTFULLY SUBMITTED this  22Nd da y of J une , 2007.

22

23

24

25

26

27

28

Jay I. Modes
1850 N. Central Avenue, Suite 1100
Phoenix, Arizona 85004
(602) 604-2141



1

2

Origina l a nd Twe nty-Eight (28) copie s
of the  foregoing tiled this  22nd day of
June  2007 with

3

4

Docke t Contro l
Arizona  Corpora tion Commis s ion
1200 We s t Wa s hington S tre e t
P hoe nix. Arizona  85007

6
Copy of the  fore going ha nd-de live re d
this  22nd da y of J une  2007 to

7

8

9

10

La urie  Wooda ll. Cha irma n
Arizona  Power P lant & Transmiss ion
Line  S iting Committe e

1275 West Washington
Phoenix. Arizona  85007
Laurie.Woodal1@azag.,qov

11

12

13

Maureen A. Scott, Senior S ta ff Counse l
Le ga l Divis ion
Arizona  Corpora tion Commiss ion
1200 West Washington Street
Phoenix, Arizona  85007
mscott@azcc.gov

14

17

Ke nne th  C. S undloi J r
J e nnings , S trous s  & S a lmon, P LC
The  Collie r Ce nte r. 11"' Floor
201 Ea s t Wa s hington S tre e t
P hoe nix, Arizona  85004-2385
Sund1of@ss1aw.com

18

19
J a ck Ehrha rdt
P .O. Box 179
P e a ch S prings , AZ 86434

20

22

28

Lu II Lu II l I I lull I \vIII



-ll___ll I I

Supplementa l Information to
Applica tion for a  Certifica te  of
Environme nta l Compa tibility

Northern Arizona  Energy Project

P re pa re d for:

State of Arizona Power Plant and
Transmission Line Siting Committee

Submitted by:

No rth e rn  Arizo n a  En e rg y,  LLC

Date:

Ca s e  No. L-00000FF-07-0134-00133
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In the  ma tte r of the  Applica tion of Northe rn
Arizona  Ene rgy, LLC, in conformance  with
the  requirements of Arizona Revised Sta tutes
40-360.03 and 40~360.06, for a  Certifica te  of
Environme nta l Compa tibility a uthorizing
construction of a  175 MW natura l gas-fired,
simple  cycle  generating facility and associa ted
transmission line  inte rconnecting the
genera ting facility to the  adj cent Weste rn
Are a  P owe r Adminis tra tion Griffith
Switchyard, a ll loca ted in Mohave  County
approximate ly 9 miles  southwest of Kinsman,
Arizona .

lllll ll I l l l

BEFORE THE ARIZONA POWER PLANT AND TRANSMISSION LINE SITING
COMMITTEE

Case  No. L-00000FF-07-0 l34-00133

SUPPLEMENTAL INFORMATION TO

APPLICATION FOR

CERTIFICATE OF ENVIRONMENTAL CGMPATLBILITY



INDEX

Supplemental Information Package Responsive  to Committee  Requests  and Questions
a t May 1-2, 2007, hea ring

1. Attachment 1: Supplemental Insert to Section 4 of Application

2. Atta chme nt 2: P rope rty Ta x Re ve nue  Fore ca s t: Moha ve  County

3. Attachment 3: Source  Documents  for Da ta  P re sented in Marke t Need Tes timony
of Joe  Gorbe rg

Western Electricity Coordinating Council, 10-Year Coordinated Plan
Summary

Pinnacle West Credit Suisse 2007 Energy Summit, Febnuary 6, 2007

Arizona's Rapid Growth and Development: Natural Resources and
Inlrastnlcture, Arizona Town Hall, April 9-12, 2006

4. Atta chme nt 4: Griffith CEC Complia nce  Filings

B. Eva lua tion of the  Pumping Impact of the  Northe rn Arizona  Energy Project
(NAEP) on the Mohave County Water System Well Field and Me Sacramento
Va lley Aquife r, Mohave  County, AZ, prepa red by Southwes t Ground-wa te r
Consultants , Inc. (Submitted under separa te  binding)

c. Draft Air Qua lity Class  1 Pe rmit No. 43801 and Technica l Support Document for
Northe r Arizona  Ene rgy, LLC pre pa re d by Arizona  De pa rtme nt of Environme nta l
Quality to be  issued for public comment on June  22, 2007





Statute
Section
(R14-3-
219.4b.)

Information
Requested

Information Provided in Application Application
Reference
(page and Figures)

i (a) Nominal voltage for
with the line as
designed,

230 kV K-1, Para. 1

Northern Arizona Energy Project
Case No. 00133

Supplemental Information Package

Applicant's Responses to Questions and Requests from the Arizona Power Plant and
Transmission Line Siting Committee andlor the Arizona Corporation Commission Staff at the

May 1-2, 2007 Public Hearing in Kingman, Arizona

Post the Applicants Power Point slide presentation on the Applicant Project Website at
www.northernarizonaenerqvoom

Response 1
Completed

2. Post future hearing notices and key public process dates for both the CEC process and the
NEPA process on the Applicant Project Website at www.northemarizonaenergycom

Response 2
On-Going

Resubmit information related to the transmission line contained in Section K of the
Application in a format addressing sequentially the series of questions in R14-3-219.4.b.

Response 3

Supplement Attachment 1 provides supplemental pages to insert at the beginning of
Section 4 of the Application, "Description of the Project", providing in concise text format the
basic information responsive to R 14-3-219 (4) with respect to (a) the proposed generating
facility and (b) the proposed interconnecting transmission line, respectively, in the same
sequence as provided in R14-3-219. Additionally, Applicant has provided, in this Response
3 and the following Response 4, cross reference tables identifying that information as and
where it appears in the original Application.

Supplement Table 3.0

3.

1.

1



i (b) Description of the
Drooosed structures
and switchyardsor
substations
associated therewith,

The Griffith Switchyard consists of twelve 230kV
circuit breakers arranged in a breaker-and-a-half
configuration. The interconnection of the two
new transmission l ines associated with the
Project requires the. addition of a new breaker-
and-a-half bay consisting of three new 230kV
ci rcui t  breakers wi th associated isolation
switches. This expansion o f  t he Griffith
Switchyard will require additional property
(approximately one (1) acre) to be deeded to
Wester ownership.

The Project's electric transmission lines,
constructed on the Project Property, will be
constructed with double circuits on tubular steel
poles. The poles will be 100 to 120 feet tall with
three arms on each side, approximately 17 feet
apart to support the conductors and a smaller arm
on each side above the conductor arms to support
the overhead ground wires used for lightning
protection. Figure K-1 shows a schematic of the
proposed transmission structure.

K-1, Para 2, 3

i (c) Purpose for
constructing said
transmission line

The interconnection of the Project requires two
new very short 230kV transmission lines that will
be constructed within the Project Property and will
connect the high~side of the GSU transformers to
the nearly-adjacent expanded Griffith
Switchyard.

K-1, Para. 1

ii (a) Description of
geographical points
between which the
transmission line will
Mn,

The interconnection of the Project requires two
new very short 230kV transmission lines that will
be constructed within the Project Property and will
connect the high-side of the GSU transformers
to the nearly-adjacent expanded Griffith
Switchyard.

K-1, Para. 1

Also see Figure 2
"Power Plant and
Associated Facilities

ii (b) the straight line
distance between
such points and the
length of the
transmission line for
each alternate mute
for which application
is made

The line between the Project GSU transformers
and the Griffith Switchyard will be approximately
2657 feet long and will require approximately 12
structures. (No alternate routes are proposed.)

K-1, Para. 4

iii (a) Nominal width of right-
of-way required,

Nominal width of approximately 150 feet, all located
within Property owned by Applicant or affiliate of
Applicant, no third party right-of-way required.

iii (b) Nominal length of
spans,

The poles will be 100 to 120 feet tail, with three
arms on each side, vertically separated 17-20

K-1, Para. 3



feet, to support the conductors, and a smaller arm
on each side above the conductor arms to support
the overhead ground wires used for lightning
protection

iii (C) Maximum height of
supporting structures,

The poles will be 100 to 120 feet tall with three
arms on each side

K-1, Para. 3

iii (d) Minimum height of
conductor above
ground

56"6" at the lowest arm of the poles. Figure K-1 Proposed
Transmission Structure

iv To the extent
available, estimated
costs of proposed
transmission line and
mute

Cost estimates for the specified transmission lines
were not available at the time the Application
was filed.

v Description of
proposed route and
switchyard locations

Text of Exhibit K. Figure 2 "Power Plant
and Associated
Facilities" for proposed
route

vi Ownership
percentages of land
traversed by the entire
route (federal, state,
Indian, private)

100% private lands owned by Applicant or its
affiliate.
Paqe 13 Section 4.5.2.1
"The entirety of the electric interconnection with the
Wester system occurs within the Project Property
and or the Original Griffith Property"

Page 13 Section
4.5.2.1, Figure 2
"Power Plant and
Associated Facilities"

Statute

Section

(R14-3-

219.4a.)

Information

Requested

Information Provided in Application Application
Reference
(Page and Figures)

i Type of generating
facility

..175 MW natural gas-fired, simple cycle
generating facility and associated
transmission line interconnecting the..

The Project is comprised of four (4), General
Electric (GE) LM6000 PC SPRINT NxGen
combustion turbine generators (CTG) with inlet air
chillers. The Project will be designed to produce
175 MW of net electrical output with a heat rate of

Caption of CEC
Application

Executive Summary

Provide a cross reference of the information items required by R14-3-219 (for power plants)

with the relevant section(s) in the Application containing such information

Response 4
See explanation to Response 3, above, and Supplement Table 4.0 below

4.

Supplement Table 4.0



9,975 Btu/kWh (HHV) based upon the design
condition ambient temperature of 90 degrees
Fahrenheit (°F). The CTGs are capable of rapid
start-up, allowing the Project to respond to
fluctuations in electric demand within ten (10)
minutes.

The Northern Arizona Energy Project (Project) is a
natural gas fired, simple cycle power plant that will
supply power to load-serving entities in Arizonaand
surrounding regions for the purpose of sen/ing their
customers during periods of peak electricity
demand. The Project is comprised of four (4),
General Electric (GE) LM6000 PC SPRINT NxGen
combustion turbine generators (CTG) with inlet air
chiller modules. The Project will be designed to
produce 175 MW of net electrical output with a heat
rate of 9975 BtulkWh (HHV) based upon the design
condition ambient temperature of 90 degrees
Fahrenheit (°F). The CTGs are capable of rapid
start-up, allowing the Project to respond to
fluctuations in electric demand within ten (10)
minutes.

Section 4, Page 2

ii Number and size of
proposed units

The Project is comprised of four (4), General
Electric (GE) LM6000 PC SPRINT NxGen
combustion tal"oine generators (CTG) with inlet air
chiller modules. The Project will be designed to
produce 175 MW of net electrical output

Section 4, Page 2

iii The source and type
of fuel to be utilized,
including proximate
analysis of fossil fuels

High-pressure natural gas will be supplied to the
Project from any combination of the EI Paso
Natural Gas Company (El Paso), Questar
Corporation (Questar), and Transwestem Pipeline
Company (Transwestem) natural gas interstate
pipelines to the UNS local gas distribution
systemlocated adjacent to the Project Site.
Table 4-2 Project Natural Gas Analysis

Section 4.4, page 11

Page 21
iv Amount of fuel to be

used daily, monthly,
and yearly.

The Project will utilize an average of
approximately 1,750 Million British Thermal Units
(MMBtu) (HHV) of gas per hour, 28,000 MMBtu
per 16-hour day, and 42,000 MMBtu per 24-hour
day. Assuming a conservatively high 5,000
annual operating hours for each unit, the Project
will utilize 8,750,000 MMBtu of gas per year.

(Note: monthly fuel usage is based on economic
dispatch,' at maximum monthly hours of 744 for

Section 4.4.1, page 11



31 day month, fuel usage is 1,302,000 MM8tu)

v (a) Type of cooling to be
utilized and..

4.2.5.2 CTG Cooling

The generators are air-cooled. The lube oil for the
CTGs is cooled by a closed loop water-glycol
system with water-to-air (fn fan) coolers.

4. 2. 5. 3 Inlet Air Chiller

The four (4) CTG units are served by one shared
inlet air chiller system providing 6500 nominal
refrigeration tons of chilled water. The chiller
system is comprised of two chillers arranged in a
series configuration. Cooling for the chiller is
provided by a cooling module located above the
chiller skid. Refrigerant utilized for the chiller will
be R-123

Page 7, 8

v (b) source of water to be
utilized 4.6.2 Source of Water

The existing 1-40 Industrial Corridor Water System
owned by Mohave County is capable of supplying
a minimum of 5,000 rpm of water from the
Sacramento Valley aquifer. The system consists
of six (6) groundwater wells approximately 1200-
1400 feet in depth, a water pipeline collection and
distribution system and a 1.3 mil l ion gallon
storage tank located north of the Project Site.

The Griffith Owner contractual volume (peak flow
capacity) under a Water Interconnection and
Supply Agreement with Mohave County is 4500
rpm, of which 450 rpm will be allocated to the
Project. The expected water use rate for the
Project is 345 rpm and the water demand under
extreme temperature conditions (113°F) is 380
rpm, thus allowing for a 30 percent water supply
capacity margin over expected conditions and
nearly a 20 percent margin during extreme
temperature conditions. The groundwater
allocation from the Sacramento Valley aquifer and
the capacity contracted in combination by Griffith
Owner and Applicant remain unchanged as a
result of the Project.

Page 14

vi Proposed height of
stacks and number of
stacks

Each of the four exhaust stacks will be 85 feet in
height and 10 feet in diameter

Page 2



vii Dates for scheduled
startup and firm
operation of each unit
and date construction
must commence in
order to meet
schedules

4.9.3 Engineering, Procurement and
Construction Schedule

The field construction schedule from site
mobilization to commercial operation for a four (4)
unit simple cycle project is typically nine (9) to
twelve (12) months. Depending on equipment
fabrication and delivery durations, detailed
engineering and procurement activities are
initiated up to twelve (12) months in advance of
site mobilization to assure that equipment
deliveries occur to support the construction
schedule. Market conditions can impact both the
equipment lead times and the construction labor
availability thus extending. EPC schedules.

The key Project schedule milestones are
presented in Table 4-4, Anticipated Project
Schedule.

4.9.3.1 Potential Modified Construction Schedule

Depending on market conditions, the Project may
be constructed in a two-phased construction
sequence with two (2) units being advanced to
construction immediately upon the receipt of
environmental approvals and completion of power
purchase agreements and the second two (2)

units constructed within five (5) years of receipt of

environmental approvals.

Page 17-18

viii To the extent
available, the
estimated costs of the
proposed facilities and
site, stated separately

4.9.1 Project Cost

The cost of the Project is estimated to be in the
range of $140 to $160 million. The cost includes
the CTGs, gas compressors, transformers, chiller,
gas, water and electric transmission
interconnection facilities and all ancillary balance
of plant equipment as well as all civil works,
construction labor, construction materials, and
engineering. In addition, the Project cost includes
the cost estimates for gas and electric
interconnections performed by the interconnecting
utilities and Applicant's costs for development,
insurance and financing.

The cost of acquiring site from current owner,
Applicant's affiliate, is not availableyet..

Page 17



ix Legal description of
proposed site 4.1.2 Legal Description

The Project is located on a parcel of undeveloped
land comprising essential ly the North seven
hundred (700) feet of the North One-half of the
Southwest Quarter of Section 6, Township 19
North, Range 17 West, Gila & Salt River Base
& Meridian, Mohave County, Arizona,
containing approximately forty (40) acres.

Page 5

Provide information related to those Unisource subsidiaries operating in Mohave County and

their relationship to Tucson Electric Power.

Response 5

Unisource and the Applicant are not affiliated. Unisource represents only a potential

customer for the capacity and energy of the Northern Arizona Energy Project. Therefore,

Applicant cannot provide any direct testimony as to organization of the Unisource Energy

Corporation operating subsidiaries. Publicly available information is provided below.

The Unisource Energy Corporate website is: www.uns.com

The following information on the operating companies was presented on the website:

"UniSource Energy's primary subsidiaries include Tucson Electric Power (TEP), which serves
more than 385,000 customers in southern Arizona, and UniSource Energy Services (UES), a
utility that delivers natural gas and electric service to more than 224,000 customers across Arizona.

TEP, the second largest investor-owned electric utility in Arizona, is the principal operating
subsidiary of UniSource Energy. Over 80 percent of TEP's energy needs are supplied by low-cost,
coal-fired generating plants. TEP's retail customer base, which includes the Tucson metropolitan
area, grows at over 2 percent annually, more than double the national average.

UES' operating companies, UNS Gas and UNS Electric, are distribution companies that provide
gas and electric sen/ice to over 30 communities in some of the fastest growing areas in Arizona,
with customer bases expanding by approximately 4 percent a year. Both utilities have incorporated
these dynamic growth rates into their planning to ensure that their systems are ready to serve
customers' needs both today and tomorrow. " (emphasis added)

The following is an excerpt from the Unisource Energv Corporation 2006 Annual Report.

7

5.
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Vendor Name Authorized Facility for Trailer
Regeneration
(city, State)

Water Consumption
for Regeneration

(gallons per trailer)
Ecolochem Phoenix, AZ 12,600*
PureTech Oxnard, CA 12,600*
Siemens Water Technologies Los Angeles, CA 12,600*

Provide a property tax revenue forecast to Mohave County tax recipients. Provide other local
tax benefits forecasted for the Project, if constructed and operated

Response 6

Based on various assumptions including a personal property tax base of approximately

$100 MM, and a tax in-service date of 7/1/09, NAE estimates that annual property taxes

payable by the project are as shown on Attachment 2. Attachment 2 also presents the

allocation of such payments among the various taxing authorities, based on the allocation

factors in effect for 2006. In addition to property tax revenue, Mohave County will benefit

from a portion of the Transaction Privilege Tax (Le. sales tax) during construction

See Attachment 2. Property Tax Revenue Estimated Forecast: Mohave County

List the viable vendors that would supply demineralizer trailer service to NAEP, and provide
location of regeneration sites and amount of water used in the regeneration process

Response 7
See Supplement Table 7.0 below for candidate vendors

Supplement Table 7.0

One trailer (containing 360 cubic feet of resin) is depleted in approximately 18 days of
maximum NAEP water use

6.

7.
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NOx CO S02 VOC PM10
Expected Permit Limits tonslyear 1 39.0 90.0 36.0 36.0 14.5
Regulatory Annual Emission Limits for
NAEP (tonslyear)2

40.0 100.0 40.0 40.0 15.0

Annual Emission Limits for a Separate Minor
Source Facility (tonslyear)3

250.0 250.0 250.0 250.0 250.0

The demineralizer vendor will be selected prior to Commercial Operation of the NAEP.

(Applicant does not guarantee that the selected vendor will be one of the currently identified

candidates.)

Describe any Notice of Violations (NOV) from the Arizona Department of Environmental

Quality under the Griffith Energy Title V Air Quality Permit No. 1000940 since the inception of

the project. Provide a witness that can discuss any such violation.

Response 8
An NOV was issued to Griffith in 2003 due to a fiberglass water return line breaking at the main
cooling water tower. The water pipe break allowed water to leave the Griffith Energy site. The break
was repaired to compliance standards.

Provide the air quality permit threshold that would trigger requirement of an amendment to

the air permit.

Response 9

The air quality permit issued by ADEQ will establish tons her year limits for the entire Project

(all four combustion turbine generators). The Project will operate within the annual tons per

year emission limits. Any combination of full load and part load operating hours during

various ambient conditions, plus startups and shutdowns, could contribute to this annual

emissions profile for the Project. For simplicity, we have provided one scenario in the Class l

Air Permit Application (Table 3.1 in Application).

Supplement Table 9.0

1 Based on 10,600 hrs total operation (aggregate of four units) including startup shutdown
z Annual limits established by regulations for any minor modification to a major source
:i Annuai emission limits if NAEP were deemed an individual minor source project (i.e., if NAEP were
separate from any existing major source unit, e,g_, Griffith.)

10. Reflect any easements from Griffith required for the transmission line.

Response 10

In support of the electric interconnection, NAEP will obtain from Griffith Energy, LLC, a right

of way or easement, approximately 150 feet in width and 530 feet in length from the

Southeastern corner of the NAEP Project Property to the Eastern edge of the Griffith

Switchyard (as modified), all within the existing Griffith Energy Project property.

9
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Type of Start "Start" Defined by Off-line Time Start Duration
(hours)

cold-cold Unit has been off-line for more than 5 days 4 hours
Cold Unit has been off-line for 3 to 5 days 4 hours
Warm Unit has been off-line for 48 to 72 hours 2 hours
Hot Unit has been off-line for less than 48 hours 1 hour

11. Provide the distance from the Project Site to the City of Kingman boundary

Response 11
9 miles (also provided in testimony on May 2, 2007)

12. Provide any public complaints for noise or other general nuisances complaints against the
Griffith Energy Project since inception of operation in 2002

Response 12

13. Discuss liquefied natural gas (LNG) as a potential secondary source of gas supply for the
Project

Response 13
TransCanada, through its subsidiary North Baja, LLC, is advancing an expansion of the
North Baja pipeline from the Mexican border (near Yuma, Arizona,) to an interconnection
point with the El Paso Natural Gas Pipeline near Ehrenberg, Arizona, as well as an
interconnection point with the Souther California Gas Company pipeline system in Blythe
California. This expansion will not only increase pipeline capacity between Mexico and the
us, but the expansion project will result in a reversal of predominate flows from the existing
North-South (gas exports to Mexico) to South-North (imports from Mexico) to support the
import of LNG to the US market. The expected completion date of the Phase 1 expansion of
the North Baja pipeline is the fourth quarter of 2008. This will introduce a new gas supply
alterative for the Project through its interconnection with the El Paso Natural Gas Company
interstate pipeline

14. Provide the startup times for a combined cycle generating facility

Response 14

Supplement Table 14.0 has been provided from the operating experience of the Griffith
Energy Project, which is representative of the combined cycle class of generation facilities
This Response is presented to correct the impromptu testimony of Mr. Joe Otahai responsive
to Committee questions during the May 2nd hearing

Supplement Table 14.0

10



Month Capacity
Factor

Aug 06 73.7%
Sept 06 67.7%
Oct 06 65.2%
Nov 06 45.1%
Dec 06 39.3%
Jan 07 27.2%
Feb 07 13.5%
Mar 07 0%
April 07 0%

15. Post the Power Point Slide presentation of Mr. David Swanson on the Applicant Project
website at www.northernarizonaenerqv.com

Response 15
Completed

16. Post the Application for a Certificate of Environmental Compatibility on the Applicant Project
website at www.northernarizonaenerqy.com

Response 16
Completed

17. Provide the source documents for the testimony of Mr. Joe Gorberg

Response 17
See Supplement Attachment 3. Source Documents for Market Need Testimony

18. Provide the capacity factor for the Griffith Energy Project over the prior iweive months

Response 18
During May 2006 through July 2006, the Griffith Energy Project was unavailable due to
mechanical issues related to the steam turbine

The monthly Capacity Factors for August 2006 through April 2007 were as follows

19. Discuss the noise level at the western property boundary adjacent to parcels that have been
platted for residential development

Response 19
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The noise levels at the adjacent parcels that have been platted for residential development

is predicted at 41 Leo and 48 Ldn- These parcels were platted for subdivision on January 4,

1960 and no development activity has been conducted in the ensuing 47 years.

20. Provide the historical filings with respect to the Griffith CEC Conditions, namely CEC

Condition Numbers 2. 3.4 and 5

Response 20

See Supplement Attachment 4. Griffith Energy CEC Compliance Filings

21. Submit any prior studies upon which Greystone/Arcadis relied in their environmental studies

with respect to the Project

Response 21

When the CEC Application was prepared, it was assumed that the source of water for the

Northern Arizona Energy Project (NAEP) would be a portion of the water that had been

already allocated and evaluated for the Griffith Energy Project Therefore, with respect to

the water analysis for the NAEP, the CEC application relied on the conclusions of previous

hydrology studies conducted for the Griffith Energy Project indicating that the planned useof

water from the Sacramento Valley aquifer would not cause significant negative impacts to

the aquifer or existing water users, These prior studies have been incorporated by reference

Southwest Ground-water Consultants, Inc Report included with this Supplemental

Information Package (separate binding). No other prior studies were relied upon in lieu of

conducting the necessary new studies to address the environmental impacts as discussed in

the Application, however, the Environmental Assessment published for the Griffith Energy

Project was reviewed along with other such environmental analyses materials as reference

materials for the studies conducted by Greystond/Arcadis for the NAEP.

22. Discuss the impact to the performance of the Project (outpuVfueI efficiency) if the inlet air

chiller module was replaced by an air heat exchanger mechanical chiller.

Response 22

The substitution of a dry cooled chiller has the net effect of reducing plant generating

capability and decreasing efficiency (increasing Heat Rate). This effect is exaggerated during

high ambient temperature conditions, and these are typically the conditions during peak

electricity demand periods when NAEP will be called upon to meet system needs. On a high

temperature day, the generation output will decrease by 5.8 MW and the heat rate (efficiency

loss) will increase 4.2%.

23. Discuss the fire loop expansion and why a coincident fire event is acceptable.

Response 23

The National Fire Protection Association (NFPA) provides guidance on the design and

operation of fire protection systems. The NFPA, stipulates standards for fire water storage,

12



Comparison of Key Air Emission Rates*

Concentration Limits (ppm b

VOC CO NOx SOX P M1 0

NAEP° 5 6 5 2.8 N/A
IGriffith Energ 10-20 3 NlA

Sund3n(;e9 7.5-15 5 NlA

Black Mountain' 75 NlA
Maximum Annual Mass Emission Rates tons per year

VOC CO NOx SOx P M1 0

NAEP° 16 36 40 32 15
IGriffith Energ 310 872 266 50 280

Sundangelé 189 356 459 41 315

Black Mountains 7 245 246 12 26
Notes:

a.

b,

c.

d.

e.

f.

NAEP (175 MW), Sundance (540 MW) and Black Mountain (96 MW) are all simple cycle
plants using LM6000 combustion turbines. Griffith Energy is a 650 MW combined cycle plant
using UFA combustion turbines.
Concentrations are expressed as parts per million, by volume, dry basis, corrected to 15%
oxygen.
NAEP data from April 2, 2007 application to ADEQ.
Griffith data from August 31, 1999 ADEQ permit. CO limit varies depending on duct firing.
Sundance Energy data from July 25, 2001 ADEQ permit. CO concentration limit varies with
ambient temperature.
Black Mountain data from April 16, 2007 draft permit proposed for issuance by ADEQ.

pump and delivery systems requirements. The extension of the existing Griffith fire system

to serve the Project complies with the National Fire Protection Association (NFPA)

standards.

24. Compare the annual emissions profile of Griffith Energy with the NAEP emissions profile.

Response 24

Supplement Table 24

25. How was the Black Mountain project proposed by Unisource incorporated into the impacts

modeling for NAEP?

Response 25

Cumulative modeling only included Griffith Energy and NAEP as described in the ADEQ-

approved Air Dispersion Modeling Protocol for this minor modification to a major source

permit application. No PSD modeling was conducted for NAEP given the annual emission

limits established.
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This  attachment should be deemed inserted into the Application
at Page Za immediately after the heading on Section 4, as  a
supplement to, not a  replacement for, the balance of Section 4 in
the  Applica tion.



S u p p lemen t Attach men t 1

Informa tion ca lle d for by R-14-3-219 (4)

(a ) with  res pect to  an  e lec tric  genera ting  p lan t

Typ e  o f g en era tin g  fac ility

Na tura l gas-fired, s imple  cycle  combustion turbines

Number and size of proposed units

Four; nomina l 45 M W each

The source and type of fuel to be utilized

Natura l ga s , from loca l utility, UNS  Gas , dis tribution line  adjacent
to P roject s ite , accessing supplies from El Paso, Transwestem and
Questar pipe lines and associa ted regional gas fie lds and markets

Amount of fuel to be utilized daily, monthly and yearly

Estimated fue l use , depending upon dispa tch hours
Da ily (16 hour dispa tch): 28,000 MMBtu
Da ily (24 hour dispa tch): 42,000 MMBtu
Monthly (if 744 hours  dispa tch): 1,302,000 MMBtu
Ye a rly (if 5,000 hours  dispa tch): 8,750,000 MMBtu

Type of cooling to be utilized and source of any water to be
utilized

The  genera tors  a re  a ir cooled. Inle t a ir to combustion turbines  is
chille d by two chille rs  with e va pora tive  cooling towe r module s
which will re quire  ma ke up wa te r. The  source  of the  wa te r is
groundwater from the  Sacramento Valley aqLnlfe r

Proposed height of stacks and number of stacks, if any

Four s tacks, 85 fee t in he ight

Dates for scheduled start-up and firm operation of each unit
and date construction must commence in order to meet
schedules

Schedule  contingent upon securing power supply agreements  with



purchas ing utilitie s , followed by e s tima ted 9-12 month de ta iled
e ngine e ring/procure me nt pe riod, followe d by9-12 month
construction and sta rt-up schedule .

viii. To the extent available, the estimated costs of the proposed
facilities and site, stated separately:

$140-160 Million for P roje ct Fa cilitie s . Cos t of a cquiring s ite  firm
Applica nt's  a ffilia te  not known a t this  time .

ix. Legal des crip tion  o f p ropos ed  s ite :

The  North 700 fee t of the  North % of the  S outhwest Quarte r,
S e ction 6, Township 19 North, Ra nge 17 We s t,  G&S RB&M,
compris ing approximate ly 40 acres .

09) With respect to a proposed transmission line:

.
1. Nominal voltage for which the line is designed; description of

the proposed structures and switchyards or substation
associated therewith; and purpose for constructing said
transmission line:

Volta ge : 230 kV
S tructure s : Approxima te ly 12 s ingle -pole  s tee l towers , 100-120 fee t
ta ll, double  circuit, with three  a rms pe r s ide .
S ubs ta tion: Expa ns ion of a dj ce nt e xis ting WAP A Griffith
S ubsta tion, adding a  new breake r-and-a -ha lf bay with 3 new 230kV
circuit breakers and associa ted equipment.
P urpose : Inte rconnection of the  P roject gene ra tors  with exis ting
WAP A 230kV tra nsmiss ion sys te m a t e xis ting Griffith S ubs ta tion.

Description of geographical points between which the
transmission line will run, the straight-line distance between
such points and the length of the transmission line for each
alternative route for which application is made:

The  s tra ight-line  dis tance  from the  loca tion of the  proposed
genera tors  to the  exis ting Griffith S ubsta tion (both of which a re
loca ted in the  North % of the  Southwest Quarte r of Section 6,
Township 19 North, Range  17 West) is  approxima te ly 1800 fee t.
The  proposed route , a ll within the  P roject P roperty and the
Griffith prope rty bounda rie s , will run due  Eas t from the
genera tors to near the  Eastern edge of the  Property, then due
South to the  East s ide  of the  Griffith Switchyard, then West into

ii.

2



the  S witchyard, a  combined tota l dis tance  of approxima te ly
2657 fee t for the  entire  line .

iii. Nominal width of right-of-way required, nominal length of
spans, maximum height of supporting structures and minimum
height of conductor above ground:

Nomina l right-of-wa y width will be  150 fe e t, howe ve r, none  will
be  required from third pa rtie s , a s  the  entire  route  lie s  wholly
within the  P roject P rope rty and the  Griffith prope rty.

Nomina l length of spans  will va ry, not to exceed approxima te ly
250 fee t.
Conductor he ight a t the  lowest a rms on the  tower s tructures  will
be  approxima te ly 56 fee t, with typica l sag be tween poles  to no lower
than 25' in compliance  with Na tiona l Electric S a fe ty Code .

To the extent available, the estimated costs of proposed
transmission line and route, stated separately:

Estimated cost of transmission line  is  not ava ilable  a t this  time .
Cos t of route  (a pproxima te ly 600 foot le ngth of right-of-wa y
e a se me nt ha m a ffilia te , Griffith Ene rgy, LLC) not ye t de te rmine d,
but will be  nomina l.

v. Description of proposed route and switchyard locations:

See response to ii above, and Figure  2. (All within existing Griffith
property boundary)

For each alternative route for which application is made, list the
ownership percentages of land traversed by the entire route
(federal, state, Indian, private, etc.):

100% priva te ly owne d by Griffith Ene rgy, LLC, a nd within Griffith
prope rty Bounda ry.

vi.

iv.

3
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Only the  following portions  of this  document were  re lied upon as  Source
Documents  for Joe  Gorberg tes timony a t the  May 1-2, 2007 hearing.
Copies  of the  balance of this  document will be  furnished upon reques t,
but were  not copied to reduce the  volume of paper in this  supplement.
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Table 3 - WECC Actual Loads and Resources for 2004

PEAK DEMAND -. MW
Loads - Firm

interruptible & Load Mgt
Total

JAN

120781

1663

122444

FEB

112684

1691

114375

MAR

111808

1518

113326

APR

117162

1736

118898

MAY

120641

1105

121746

JUN

126691

1874

128565

Forecast Deviation - %

Generation - Hydro

Thermal

Other
Total

-0.1

62903

119875

6554

189332

-2.7

62983

119758

6557

189298

05

62651

119690

6565

188906

5.3

62801
119715

6566

189082

-2.2

63669

119758

6581

190008

-2.9

64882

120358

6572

191812

Total Unavailable Generation *

Net Firm Transfers - MRO
SPP **

Total Net Firm Transfers

16005

19

-587

-568

17845

33
-622

-589

21934

55

-489

-434

23275

124

-622

-498

18386

194

-622
-428

10098

173

-572

-399

Margin Over Firm Loads
Margin Over Firm Loads

Net Generation & Firm Transfers

MW

Percent

173895

53114

44.0

172042

59358
52.7

167406

55598
497

166305

49143
41.9

172050

51409

42.6

182113

55422

43.7

ENERGY - GWH

Total Load 69644

-2.4

63334

-2.3

65117

-2.7

61342

-3.4

66017

-1.5

68856

-0.5Forecast Deviation - %

PEAK DEMAND - MW
Loads - Firm

Interruptible & Load Mgt
Total

i n
139169

1931
141100

AUG
138542

2314
140856

SEP
132224

1896

134120

OCT

112810
1672

114482

NOV
117845

1686

119531

DEC
120142

1687

121829

Forecast Deviation - %

Generation - Hydro

Thermal

Other

Total

1.1

64741
120684

6595
192020

05

64292
120648

6586

191526

2.9

64048
121044

6575

191667

-6.1

63555
122160

6574

192289

30

63108
123044

6557
192709

-1.0

62881
123117

6609
192607

Total Unavailable Generation *

Net Firm Transfers - MRO **

SPP **

Total Net Firm Transfers

12896

143

-622
-479

10838

148

-622
-474

13974

174

-622
-448

19357

140

-422
-282

17838

9

-572
-563

19269

-7

-622
-629

Net Generation & Firm Transfers 179603

40434

29.1

181162

42620

30.8

178141

45917

3 4 ]

173214

60404

535

175434

57589

48.9

173967

53825

44-8
Margin Over Firm Loads - MW

Margin Over Firm Loads - Percent

ENERGY - GWH

Total Load 76178

2.6

74856

-1.7

68485

0.2

65124

-2.1

65566

-0.6

71560

2.2

TOTAL

816079

-1 .0Forecast Deviation - %

*

* *

Includes Maintenance, Forced Outages, and Inoperable Capability.
Minus (-) indicates transfer into WECC Region.
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ACTUAL DATA AND PROJECTIONS
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Table 4 - Projected Peak Demand Average Annual Compound Growth Rates - Percent
(Adverse Hydro Conditions)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

WECC .- Total 1.8 1.6 1 .4 1.6 1.5 2.1 2.2 2.5 1 9 2.0 2.5

Northwest Power
Pool Area 1,7 12 1.6 1.9 1.1 2.1 2.0 2.5 2.5 1.1 1.7

Rocky Mountain
Power Area 1.9 1.7 2.0 2.0 2.2 2.7 2.0 2.3 1.7 2.0 2.6

Arizona-New Mexico-So.
Nevada Power Area* 1.8 1.9 2.2 2.9 2.5 3.6 3.3 3.1 3.0 3 0 3.2

California-Mexico
Power Area* 1.7 1.4 1.3 0.9 1.3 1.8 2.6 2.4 2 1 2.2 2.5

*The 1994-2004 through 1996-2006 projected peak demand growth rate percentages include the Southern Nevada
reporting area data in the California-Mexico Power Area data.

Figure 2
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Table 5 - Actual Peak Demand Growth Rates
(Actual Hydro Conditions)

Percent

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

WECC - Total 4.4 1.3 5.1 1.3 5.4 2.0 1.4 45 8.9 2.8 0.8

Northwest Power
Pool Area 8.7 2.5 0.4 6.6 2.1 0.4 13.5

Rocky Mountain
Power Area 1.9 0.6 4.2 12.4

Arizona-New Mexico~So
Nevada Power Area 7.3 4.4 1.8 7.4 8.9 7.5

California-Mexico
Power Area

The 1994 through 1996 projected peak demand growth rate percentages include the Southern Nevada
reporting area data in the California»Mexico Power Area data

Table 6 ._ Actual Energy Load Growth Rates -.
(Actual Hydro Conditions)

Percent

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

WECC - Total 2.8 0.3 4.6 1.8 1.1 1.6 4.2 3.5 4.4 0.4 2.6

Northwest Power
Pool Area 0.6 0.7 3.3 1.8 1.6 8.6 5.7 0.6

Rocky Mountain
Power Area 3.3 3.7 11.2 5.8 3.0

Arizona-New Mexico-So
Nevada Power Area 4.0 1,2 7.7 6.6 3.9 4.2

California~Mexico
Power Area 3.4 1.3 3.4 3.3 0.9

The 1994 through 1996 projected peak demand growth rate percentages include the Southern Nevada
reporting area data in the California-Mexico Power Area data



Table 7-WECC Estimated Peak Demands, Resources, and Reserves
2005 . 2014

2005 2009 2010

Adverse Hvdro Conditions

2011 2012 2013 2014

Month

Loads _ Firms

Inf. 8 Load Mgt

Total - MW

SUMMER PEAK

2006 2007 2008

JUL JUL

143786 147411 151445 155326 159034 162893 166732 170515 174522 178548

2460 2436 2450 2462 2471 2470 2471 2472 2474 2475

146246 149847 153895 157788 161505 165363 169203 172987 176996 181023

3 6 2 5 2.7 2.5 2.4 2.4 2 8 2.2 2 3 2.3

189699 195378 199779 205166 206427 208796 209947 210256 210636 211354

4106 4108 3566 3648 3648 3817 3649 3648 3566 3551

Growth from Previous Yr, » %
Generation +_ Transfers » MW
Maintjlnoperable Cap - MW

Reserve Capability
41807 43859 44768 46192 43745 42086 39566 36093 32548 29255

Percent of
Firm Peak Demand 29.8 296 29.7 27.5 258 23.7 21.2 185

Month

Loads - Firms

Inf. & Load Mgt

Total . MW

WINTER PEAK

05-06 06-07 07-08 08-09

DEC DEC DEC DEC

125496 128484 131225 134257

1886 1861 1850 1865

127382 130345 133075 136122

Adverse Hvdro Conditions

09-10 10-11 11-12 12-13 13-14 14-15

DEC DEC DEC DEC DEC DEC

136988 140018 143161 146129 149166 151782

1872 1871 1872 1873 1875 1876

138860 141889 145033 148002 151041 153658

Growth from Previous Yr » %
Generation 1 Transfers . MW

Maint./lnoperable Cap - MW

Reserve Capability

3 0 2.3 2.1 2.3 2.0 2.2 2.2 2.0 2 1 1.7

191498 196498 201356 204550 205477 208230 208879 209043 210091 210279

13491 12305 11327 11898 11727 12285 12262 11928 11674 12024

5251 'l 55709 58804 58395 56762 55927 53456 50986 49251 46473

Percent of

Firm Peak Demand 4 1 8 43.4 44.8 4 3 5 41.4 39.9 37.3 349 33.0 30.6

Table 8 - Projected Peak Demand Growth Rates - Percent
(Adverse Hydro Conditions)

2006 2007 2008 2010 2013

WECC - Total Summer
Winter

2.4
2.2

Average
Annual Compound

Growth Rate

2014 2004-2014

2.3 2.5
1.7

Northwest Power
Pool Area

Summer
Winter

2005

3.6
3.0

-0.8
2.1

2.5
2.3

2.1
2.3

2.7
2.1

2.7
1.8

2.5
2.3

2.2
1.4

2009

2.4
2.0

1.8
1.5

1.9
1.7

2011

2.3
2.2

1.9
1.4

2012

2.2
2.0

1.8
1.6

2,3
2.1

2.0
1,5

1 9
1.6

1.7

Rocky Mountain
Power Area

Summer
Winter

4.4
3.6

2.7
2.3

2.6
2.5

2.5
2.2

2.4
2.2

2.3
2.1

2.3
2.1

2.4
2.3

2.3
2.2

2.6
2.3

2.6

Arizona-New Mexico-So
Nevada Power Area

California-Mexico

Power Area

Summer
Winter

Summer

Winter

5.2
2.9

4.0

2,5

3.4
2.9

1.8

2.1

3.2
2.8

2.3

2.4

3.2
3.0

2.5

2.4

3.2
3.0

2.5

2.4

3.2
2.7

2.5

2.4

2.8
2.4

2.5

2,4

2.5
2.4

2.4

2.4

2.7
2.4

2.4

2.4

2.5
2.3

2.4

2.4 2.4
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Table 9 - Summary of Projected Energy Loads
(Adverse Hydro Conditions)

GWh

2005 2006 2007 2008 2009 2010 2011 2012

WECC Total 841871 862828 884684 907449 925982 947228 969095 992139 1013297 1035747

Northwest Power
Pool Area 354198 361653 369594 378145 383060 389443 396748 405095 411605 418745

Rocky Mountain
Power Area 61858 63235 64819 66340 67720 69246 70776 72401 73917 75745

Arizona-New Mexico-So
Nevada Power Area 125270 129514 133797 138211 142078 146743 150943 154980 158919 162907

California-Mexico
Power Area 300545 308426 316474 324753 333124 341796 350628 359663 368856 378350

Table 10 - Projected Energy Load Growth Rates - Percent
(Adverse Hydro Conditions)

Average
Annual Compound

Growth Rate

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2004-2014

WECC -- Total 3.2 2.5 2.5 2.6 2.0 2.3 2.3 2.4 2.1 2.2 2.4

Northwest Power
Pool Area 2.0 1.7 1.9 1.6 1.7

Rocky Mountain
Power Area

Arizona-New Mexico-So
Nevada Power Area 3.4 2.7 2.9

California-Mexico
Power Area 2.6 2.6 2.6 2.6



Figure 3

Table 11 Existing Generating Capability as of January 1, 2005
(Summer Capability - MW)

Generation Tvoe

Northwest
Power

Pool Area

47568

Rocky
Mountain

Power Area

Arizona
New Mexico
So. Nevada
Power Area

California
Mexico

Power Area Total

60326

Tota l

17657 37522

14957 20042

Hydro - Conventional

Hydro - Pumped Storage

Steam - Coal

Steam - Oil

Steam - Gas

Nuclear

Combustion Turbine

Combined Cycle

Geothermal

Internal Combustion

Other

13275 11794

15452

35063

Total 8168() 12601 36917 58385 189583

Percent of WECC
Total 6,6
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WECC 2005 _ 2014 GENERATION ADDITIONS
HYDRO-PUMPED
STORAGE
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Figure 4

Table 12 - Summary of Generation Additions 2005 - 20th
(Summer Capability - MW)

Generation Tvpe

Northwest
Power

Pool Area

662

0

2092

0

0

0

335

6598

30

54

1506

Rocky
Mountain

Power Area

Arizona
New Mexico
So. Nevada
Power Area

-4

0

400

-48

-259

142

600

5305

195

0

14

California
Mexico

Power Area

20

390

-1580

-276

-1203

0

692

8695

0

0

45

WECC
Total

678
390

1662
-324

-1462
142

1627
20598

225
54

1565

% of
Total

2.7

1.6

6.6

-1.3

-5.8

0.6

6.5

81.8

0.9

0.2

6.2

Hydro - Conventional

Hydro - Pumped Storage

Steam - Coat

Steam - Oil

Steam - Gas

Nuclear

Combustion Turbine

Combined Cycle

Geothermal

Internal Combustion

Other

0

0

750

0

0

0

0

0

0

0

0

Tota l 11277 750 6345 6783 25155 100.0

Percent of WECC
Total 44.8 3.0 25.2 27.0 100.0
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Table 13 - WECC Summary of Generation Additions
(Summer Capability - MW)

Generation Tvpe Period Total

2.7

712

69

82

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

61 123 4 10 0

0 0 0

25 -1143 25 575

0 48 69

82 -163 ~600

0 71 71

1072 -203 282 70

4918 5354 4901 2193

0 30 195 0

54

258 1016

268 1250

0 0

0

0

114 10

613 1043

0 0

0

44

253

0

0

264

780

0

288 20598

Hydro - Conventional

Hydro - Pumped Storage

Steam - Coal

Steam - Oil

Steam - Gas

Nuclear

Combustion Turbine

Combined Cycle

Geothermal

Internal Combustion

Other

44

255

0

0

2 0

Total 6256 5037 4818 3123 949 2804 792 163 1044 169 25155 100.0

Figure 5
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WECC GENERATION AS OF DECEMBER 31, 2014
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Table 14 - Generating Capability as of December 31, 2014
(Summer Capability - MW)

Generation TVDe

Rocky
Mountain

Power Area

Arizona
New Mexico
So. Nevada
Power Area

3791

245

10263

80

1990

3946

3579

18580

645

4

139

California
Mexico

Power Area

8081

4284

2181

0

13754

4450

7529

20489

2238

36

2126

WECC
Total

61004

5179

39184

81

18580

9546

17079

55661

3043

572

4809

% of
Total

28.5

2.4

1 8 2

0.0

8.7

4.4

8.0

25.9

1.4

0.3

2.2

Hydro - Conventional

Hydro - Pumped Storage

Steam - Coal

Steam - Oil

Steam - Gas

Nuclear

Combustion Turbine

Combined Cycle

Geothermal

Internal Combustion

Other

Northwest
Power

Pool Area

48230

240

19749

0

2601

1150

4044

13994

160

269

2520

902

410

6991

1

235

0

1927

2598

0

263

24

Total 92957 13351 43262 65168 214738 100.0

Percent of WECC

Tote! 434 6.2 20.1 30.3 100.0
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NORTHWEST POWER POOL AREA PEAK DEMAND,
TOTAL RESOURCES, AND ENERGY LOAD

ACTUAL DATA AND PROJECTIONS
ADVERSE HYDRO CONDITIONS
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30
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No rth we s t P o we r P o o l Are a  (NWP P )
U.S. Systems

AVA
BPA1
CHPD

DGT
DOPD
EWEB
GCPD

IP(

II

NTD
NWMT

PAC
POPD

PGE
PSE
SCL
SPR

SNPD
TPWR
USPN
USU(`

III

Avesta Corp
Bonneville Power Administration - TBL
Chelan County PUD No. l
Deseret Generation & Transmission Co-operative
Douglas County PUD No. l
Eugene Water & Electric Board
Grant County PUD No. 2
Idaho Power Company
New Transmission Development Company

(A TransElect Company)
NorthWestern Energy
PacitiCorp
Pend Oreille County PUD No. l
Portland General Electric Company
Puget Sound Energy
Seattle Department otlLighting (Seattle City Light)
Sierra Pacific Resources Transmission
Snohomish County PUD No. l
Tacoma Power
U.S.B.R Pacific Northwest Region
U.S.BR. Upper Colorado Region
U.S. Army Corps of Engineers

(North Pacific Division)
Utah Associated Municipal Power Systems
Utah Municipal Power Agency
Western Area Power Administration - Billings Area

USCE
UAMP
UMPA

WAUW

Canadian Systems
Alberta Electric System Operator
AltaLink L.P
AMOCO Electric Ltd.
British Columbia Hydro and Power Authority
British Columbia Transmission Corporation
Fortis BC
Sea Breeze Pacific Regional Transmission Systems, in
TransAIta Utilities Corporation

AESO
ALTA
ATCO
BCHA
BCTC

FBC
c. SBP

TAUC

Figure 7
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Table 15 - Northwest Power Pool Area Actual Loads and Resources for 2004

PEAK DEMAND .- MW
Loads Firm

Interruptible 81 Load Mgt
Total

JAN

58727

160

58887

FEB

52023

160

52183

MAR

48770

160

48930

APR

45396

160

45556

MAY

43481

160

43641

JUN

48324

166

48490

Forecast Deviation - %

Generation - Hydro

Thermal

Other
Total

45252

32102

1113

78467

45349

32077

1116

78542

45007

32075

1121

78203

45014

31910

1122

78046

45842

31851

1133

78826

47066

31865

1122

80053

2581

136

453
1359

2774

138

453
1359

4325

177

434
778

189

846

4376

181

347
298

189

275

3950

174

354
298

622

144

Total Unavailable Generation

Net Firm Transfers - MRO

RIVIERA
AZ-NM-SNV

CA-MX

Total Net Firm Transfers 1753 1751

3047

171

458
879

223

943

Net Generation 8 Firm Transfers 77639

18912

32.2

77519

25496

49.0

76099

27329

56.0

74567

29171
64.3

74725

31244

71.9

75959

27635

57.2
Margin Over Firm Loads - MW

Margin Over Firm Loads - Percent

ENERGY - GWH

Total Load 32741

1.2

29131

_2.1

28750

-3.2

26278

-3,7

26908

-1.1

27669

1.tForecast Deviation - %

PEAK DEMAND - MW
Loads - Firm

Interruptible & Load Mgt

Total

M
50903

166
51069

AUG
50415

165

50580

SEP
45690

160

45850

OCT

46921
160

47081

NOV

53727
160

53887

DEC

54240
160

54400

Forecast Deviation - %

Generation - Hydro

Thermal

Other
Total

2.9

46917
31879

1145
79941

2.8

46474

31874
1136

79484

-0.9

46257
32165

1129
79551

-2.3

45879

32481

1128
79488

1.7

45466

33134
1111

79711

-388

45227

33157
1147

79531

Total Unavailable Generation *

Net Firm Transfers - MRO

RMPA **
AZ-NM-SNV *Ar

CA-MX **

Total Net Firm Transfers

4792

153

-354
-298

622

123

4165

168

-356

-298

625

139

4643

187

-359

-298

625

155

5447

155

-373
-1359

223

-1354

4364

125

-459
-1359

-106

-1799

3334

1t4

-458
-1359

-106
-1809

Net Generation & Firm Transfers 75026

24123

47.4

75180

24765

49,1

74753

29063

63.6

75395

28474

60.7

77146

23419

43.6

78006

23766

43.8
Margin Over Firm Loads - MW

Margin Over Firm Loads - Percent

ENERGY - GWH

Total Load 29759

1.8

29291 26665 28109 29590 32422

TOTAL

347313

0.2Forecast Deviation - %

Includes Maintenance, Forced Outages, and Inoperable Capability
Minus (-) indicates transfer into WECC Region
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Table 16 - Northwest Power Pool Area Estimated Peaks Demands, Resources, and Reserves
2005 - 2014

2009 20102005

JUL

50451

SUMMER PEAK

2006 2007 2008

JUL

51489 52870 54047

Adverse Hvdro Conditions

2011 2012 2013 2014

JUL JUL

55018 56052 57128 58181 59338 60463
Month

Loads - Firms

Inf. & Load Mgt

Total MW

Growth from Previous Yr. » %
Generation 1 Transfers - MW

Maintllnoperable Cap. - MW

Reserve Capability

50666

0.8

76502

2303

51715

2.1

78721

2517

53107

2.7

81461

1975

54295

22

85291

2057

55266

1.8

86080

2057

56300

1.9

86739

2226

57376

1 .9

87952

2058

58429

1.8

87994

2057

59586

2.0

88123

1975

60711

1.9

88131

1960

23748 24715 26616 29187 29005 28461 28766 27756 26810 25708

Percent of

Firm Peak Demand 48.0 50.3 54.0 52.7 508 50.4 47.7 45.2 42.5

Projected Average Annual Summer Compound Growth Rate (2004-2014) . 1.7%

WINTER PEAK

07-08 08-09

JAN JAN

60991 61853

05-06

JAN

58545

06-07

JAN

59902

09-10

JAN

62800

10-11

JAN

63893

11-12

JAN

64763

Adverse Hvdro Conditions

12-13 13-14 14-15

JAN JAN

66808 6787065799
Month

Loads - Firms

let. & Load Mgt

Total - MW 58706 60063 61152 62014 62961 64054 64924 65960 66969 68031

Growth from Previous Yr. - %

Generation i Transfers - MW

Maintllnoperabte Cap. - MW

Reserve Capability

2.1 2.3 1.8 1.4

79835 82306 86198 86901

15

87822

17
88813

1.4 1.6 1.5 1.6

89534 89549 89553 89553

20119 21674 24477 24318 24301 24199 24147 23117 22121 21059

Percent of

Firm Peak Demand 34.4 36.2 40.1 39.3 38.7 37.9 37.3 351

Projected Average Annual Winter Compound Growth Rate (2004/05-2014/2015) - 1.8%

Table 17 - Northwest Power Pool Area Summary of Generation Additions
(Summer Capability - MW)

Generation Tvpe Period Total

5.9

712 O

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

45 123 4 10 0 0 0 0

0 0 0

25

0

0

268

0

O

500

0

0

575

0 0

O 0 0

Hydro .. Conventional

Hydro - Pumped Storage

Steam _ Coal

Steam . Oil

Steam . Gas

Nuclear

Combustion Turbine

Combined Cycle

Geothermal

Internal Combustion

Other

445 -280 170

813 1531 3641

0 30 0

54 0

254 970

Tota l 1586 2411 3848 976 881 1000 575 0 11277 100.0
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Table 18 - Northwest Power Pool Area Summary of Significant Generation Additions
(Summer Capability)

NET CAPABILITY
MW

C
o
r
UAREA PLANT NAME / UNIT NO LOCATION TYPE SUMMER WINTER

FUEL
TYPE

S
T

SERVICE A
DATES T COMMENTS

OT

GT
WT

165

280

109

Cl a rk  Fo rk  R i ve r
Thompson Falls
L i n c o l n  c i t y  w e
Haberman ID
Mounta1 n Home ID
Great Fa11 s
Juab c i ty UT
Tacoma WA
Hardin MT
Vasco OR
Clatskanie
Tacoma WA
OR

503
290

200 MW
200 MW
200 MW

280
513

738

280

WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
CC
c c
S T
CC
CC
CC
CC
CC

26
33

200
35
17

333
60
42

100
50
67

356
540

25
630
630
335
575
575

OT
ST
HY
ST

C
C  S i x  1 , 5  MW turb i ne s
C  O wne r :  pa c i f i c o rp
C  In c r e a s e d  d u c t - f i r i n
C Deve1 oper:  centennia l  power
u Output to  PGE,  namepla te  75 MW
u Deve1 oper:  westward Energy
U Deve loper:  EPCOR
u co i umb i a  Ene rgy pa r t
u AKA PPM Ar l l ington
U Deve lope r:  PPM Ene rgy
u Peaking p1 ant
u nameplate  = 150 Mw
C  wood- f i r e d  s te am turb i ne
C  C onve r s i o n  to  C C  ope ra t i o n
C  Conve r s i o n  to  CC  ope ra t i o n
u Output  so l i d  to  PSE 150 Mw
u output  so l i d  r o  PSE 220 Mw
u Deve iope rz Transcanada
C
U
C Turb ine  upgrade
u
C  Turb ine  upgrade
u De ve l ope r :  C i e i o  w i nd  powe r
U
u
U Deve lIoper:  Eurus
U
U
U
u
U
U
u
c
U De va :  Summi t  v i ne ya rd  L LC
C  Turb ine  upgrade
u  Uma t i i i a  C o n fe de r a te d  T r i be s
u  Uma t i l l a  c o n fe de r a t e d  T r i b e s
u Deve i ope r i  P l ymouth Ene rgy
u Deve i ope rz  Peop l e s  Ene rgy
U Deve loper: Peopl le5 Energy
u namep1 ate
U
u Owner:  north Amer.
C  Turb ine  upgrade
C

power Group

NWMT
NWMT
PACE
INC
INC
NWMT
PACE
BPA
NWMT
BPA
BPA
BPA
BPA
BPA
BPA
NWMT
NWMT
INC
PACE
PACE
BPA
BPA
BPA
INC
S P P
NWMT
NWMT
NWMT
BPA
BPA
BPA
BPA
BPA
B PA
BPA
BPA
BPA
BPA
BPA
PGE
PACE
NWMT
BPA
BPA
BPA
BPA
BPA
NWMT
NWMT
PACE
NWMT
PACW
NWMT
PACE
NWMT
PACE

M i l l t o w n  l - s
Thompson River 1
Shute Creek CC1
FossiT Gu1 ch 1-7
Bennett Man 1
Ranch Pit W ind 28
Currant Creek GT 1-2
Frederickson CC1
Rocky Mtn Hard in l
Klondike II l
summit/westward CCl
Frederickson CC2
CEP Ar1 ington 1
Lean ing Jun iper 1
B ig Horn w ind 1
Bas in Creek 1-9
w i n d  p a rk  S o l .  1
E m m et t  Fac i l i t y  1
Currant  c reek  GT 1-2
Currant Creek CC1
Hopk ins  Ridge (83)
w i ld Horse 130
Cherry point  CC1
Raf t  River GEO 1 1
Ga1 ena 1
C o l s t r i p  4
MT F i rs t  My 1
C o l s t r i p  1
Columbia 1
Roosevel t  1
o r i o n  w i n d  l
Combine Hi  11s II 1
Seven Mi le Hi  11 1
Shepard's F1 at 1-2
W i l l ow  c reek  1
Col lumbia Hi l l ls  1
K1 ondike phase 3 1
w i n d t r i e i t y  1
w hi te  Creek  1
port westward CC1
Summit-Lake Side CC1
Co1 strip 3
wanapa CC1
wanapa CC2
plymouth CCl
COB EF CCl
COB EF CC2
n .  A c t .  E n e rg y  1
Bu11 Mountain 1
Two Elk  1
co1 s trip 2
conduit 1-2
Southern MT E1 ec. 1
W asatch Front CC2
M T L i g n i t e  1
Hunter 4

WA
Butte MT
Jud i th Gap MT
Emmett ID
J ua b  c i t y  UT
Juab Cnty UT
Dayton WA
E l l e nsburg  we
whatcom Co wA
Malta ID
Steamboat NV
Co1 str ip MT
Great Fat1 s MT
Co1 str ip MT
WA
WA
OR
OR
OR
OR
WA
WA
OR
WA
WA
Cta tskanie  OR
vineyard
Co1 str ip MT
Umati  1Ta c i ty OR
Uma t i l l a  c i t y  O R
plymouth WA
K1 amath City OR
K1 amath city OR
wh i t e ha l l  M T
Broadview MT
Campbe l l  c i ty  we
Col l  str ip MT
K l i c k i t a t  C o u n t y
Great Fa1 Ts
v i neya rd  UT
CoT str ip MT
Emery Cnty UT

268

500

S
12
0
3

178
0

280
20
109
24
S03
290
67
67
67
54
15
7

280
540
0
0

738
10
20
25
280
12
26
33

200
35
17
333
60
42

100
50
67
42S
580
25
630
630
335
575
575
8

700
282
12
14
268
S40
500
575

WAT
OTH
NG
WND
NG
WND
NG
NG
BIT
WND
NG
NG
WND
WND
WND
NG
WND
WDS
NG
NG
WND
WND
NG
GEO
GEO
BIT
NG
BIT
WND
WND
WND
WND
WND
WND
WND
WND
WND
WND
WND
NG
NG
BIT
NG
NG
NG
NG
NG
WND
LIG
WC
BIT
WAT
LIG
NG
LIG
BIT

1-2005 RT C P1 ant to be retired 1-1-2005
1-2005 TS C Fuel Biomass-waste wood & coal
1-2005 Ts C se1f-generation p1 ant 110 Mw
2-2005 v C Seven 1.5 MW units
4-2005 V
4-2005 U
6-2005 U
7-2005 A
8-2005 U

12-2005 T
12-2005 P
12-2005 P
12-2005 T
12-2005 T
12-2005 P
12-2005 T
12-2005 T
1-2006 U
5-2006 RP
5-2006 U
6-2006 T
6-2006 P
6-2006 P
6-2006 U
6-2006 T
7-2006 A
8-2006 L
11-2006 A
12-2006 P
12-2006 P
12-2006 P
12-2006 T
12-2006 P
12-2006 P
12-2006 P
12-2006 P
12-2006 P
12-2006 T
12-2006 P
5-2007 U
6-2007 T
7-2007 A
9-2007 P
9-2007 P
9-2007 P
9-2007 L
9-2007 L
12-2007 P
3-2008 P
4-2008 P
7-2008 A

10-2008 RT
3-2009 P U
4-2009 P u DevelIoper:
4-2010 P U
6-2011 P u Deve1 oper

p a c i f i c o rp

p a c i f i c o rp

CANADIAN SYSTEMS ALBERTA

ST
0

134
0
0

SUB
WND
WND

MW
80Mw
60MW
60Mw

GT

AESO
AESO
AESO
AESO
AESO
AESO
AESO
AESO

wabamurn 1-2
Ket t1 es  HMI w e 1
P spr ings  1-60
Summerv1 ew WF 2
B1 ue Tray] W F 1-40
Kett1 es Hi11 we 2
Long Lake 1-2
Sync rude UE1 11-12

wabamun AB
pincher Creek
AB
Pincher Creek
AB
pincher c reek
Ft. Mcmurray AB
Ft. Mcmurray 100

0
170
100

WND
NG
NG

1-2005 RT C p1 anned ret' i  recent
12-2005 P u Benign Energy phase 1
12-2005 P u She11/Enmax namep1 ate

4-2006 P u V i s i on  gues t ,  phase  2
6-2006 u C vts'ion Quest, namep1 ate
7-Z006 P u Benign Energy phase 2
1-2007 U C
9-2009 P u

BRITISH COLUMBIA

HY
HY
HY

25
120

3

WAT
WAT
WAT

2 WAT

BCHA
BCHA
BCHA
BCHA
BCHA
BCHA
BCHA
BCHA
BCHA

Upper Mar quam 1
Waneta 4
Br' i  11iaht Exp 1
L Bonnington 3
S S1 ocan 1
Corra  L i nn  1
S S1 ocan 3
Corra  L inn 2
Reve1 stoke 5

HY
HY
HY
HY
HY 500

Se e  the  a ppe nd i x  fo r  a  de s c r i p t i o n  o f  the  un i t  t ype  c o de s ,  s ta tus  c o de s ,  a nd  the  c o mmi t te d / unco mmi t te d  c o de s

CANADIAN SYSTEMS

Squamish BC 25
Pend 0re'i1lle R BC
Kootenay R BC
Kootenay R BC
Kootenay R`IV€Y` BC
Kootenay River BC
Kootehay River BC
Kootenay River* BC
Columbia River BC

2
500

WAT
WAT

6-2005 V
10-2005 A

8-2006 u
10-2006 A

6-2007 A
12-2007 A

5-2008 A
12-2008 A
10-2010 P

C Dev: Canadian Hydro
C Turb i ne  upgrade /1 i fe  extens i on
c
C Tu rb i ne  upg rade / l i f e  extens i on
C Turb i ne  upgrade /1 i fe  extens i on
C Turb ine  upgrade /Ti fe  extens ion
C Tu rb i ne  upg rade / l i f e  extens i on
C Turb ine  upgrade /Ti fe  extens ion
U
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Table 19 - Rocky Mountain Power Area Actual Loads and Resources for 2004

PEAK DEMAND - MW

Loads - Firm
Interruptible 8< Load Mgt

Total

JAN

8751

135

8886

FEB

8332

155

8487

MAR

7561

134
7695

APR

7035

183
7218

MAY

7778

185
7963

JUN

9408
149

9557

Forecast Deviation » 0/>

Generation - Hydro

Thermal

Other
Toiai

5 8

1273

10986

22
12281

2.4

1273

10986

22
12281

-4.0

1273

10986

22
12281

-2.6

1303

10806
22

12131

-3.9

1303

10609
22

11934

2.8

1303

11259

22
12584

Total Unavailable Generation *

Net Firm Transfers - MRO **

NWPP
AZ-NM~SNV **

Total Net Firm Transfers

676

-117

364

-204
43

240

_105
279

-204

-30

287

_116

414

-204

94

1165

-53
348

-161

134

1294

13

257

-161
109

455

-1

283

_161

121

Margin Over Firm Loads
Margin Over Firm Loads

Net Generation 8¢ Firm Transfers

MW
Percent

11562

2811

32.1

12071

3739

44.9

11900

4339

57.4

10832

3797

54.0

10531

2753

35.4

12008

2600

27.6

ENERGY GWH

Total Load 4997

1.9

4600

1.9

4579

07

4382

3.1

4658

10.1

4669

5.4Forecast Deviation - %

PEAK DEMAND - MW
Loads - Firm

interruptible 81 Load Mgt
Total

JUL

10222
178

10400

AUG
9448

198
9646

SEP

8528

158
8686

OCT
7139

104
7243

NOV

8553

125

8678

DEC

8846

125
8971

Forecast Deviation - %

Generation - Hydro
Thermal

Other

Total

1.3

1303

11251

22

12576

-2.6

1303

11251

22
12576

-2.7

1303

11259

22
12584

-8.6

1273

11652

22
12947

3.5

1273
11652

22

12947

1.6

1273

11652

22

12947

Total Unavailable Generation *

Net Firm Transfers - MRO **

NWPP

AZ-NM-SNV **
Total Net Firm Transfers

201

-10

317

-161
145

514

-20

248

-161

67

514

-13

267

-161

93

1968

-15

285

-204

66

543

~116

391

~204
71

282

-121

206

-204
-119

Net Generation 8< Firm Transfers 12229

2007

196

11995

2547
27.0

11977

3449

40.4

10913

3774

52.9

12333

3780

44.2

12784

3938

445
Margin Over Firm Loads - MW

Margin Over Firm Loads - Percent

ENERGY - GWH

Total Load 5324

3.9

5113

-0.2

4599

-1.8

4484

2.2

4674

5.8

5135

4.6

TOTAL

57214

31Forecast Deviation %

*

* *

Includes Maintenance, Forced Outages, and inoperable Capability.
Minus (-) indicates transfer into WECC Region.
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TRA NSPORTATION SYSTEMS-CONNECTINC RA PIDLY GROWING PLA CES

TABLE 3.8

FY 2000 RAIL PASSENGER RIDERSHIP

Phoenix

Benson

Tucson

Yuma

Winslow

Flagstaff

Wt I I jams

Kinsman

Grand Canyon

Clarkdale

(in hundreds)

Service

Amtrak (Sunset Limited)

Amtrak (Sunset Limited)

Amtrak (Sunset Limited)

Amtrak (Sunset Limited)

Amtrak (Southwest Chief)

Amtrak (Southwest Chief)

Amtrak (Southwest Chief)

Amtrak (Southwest Chief)

Grand Canyon Railway Co

Arizona Central Railway Co

Passengers

8.0

Note: Phoenix passengers are bused to Tucson Depot
Source: ADUF, Arizona Transportation Factbook, 2002

An overview of  the commodi t ies  t ranspor ted by rai l  i n Ar izona i s  given

in T able 3.9.  T he s tate ' s  pr i nc ipal  f re ight  l i nes  are the Bur l i ngton Nor thern

Santa Fe (BNSF)  in the nor th,  and the Union Pac i f i c  in the south.  T he BNSF

s e r ve s  K i n s m a n ,  S e l i g m a n ,  W i l l i a m s  J u n c t i o n ,  F l a g s t a f f ,  W i n s l o w  a n d

Hol brook.  Around 60  to  70  t r a i ns  m ove over  the  l i ne  every day.  T he BNSF

also operates a branch l ine to Phoenix from W i l l iams Junction, wi th about s ix

to e ight  t ra ins  a day.  T he Union Pac i f i c  serves  Yuma, G i la Bend,  Mar i copa

Casa G r ande .  T uc s on .  Bens on  and  San  S i m on  w i th  abou t  40  to  50  t r a i ns

per  day.  T he  Un i on  Pac i f i c  a l s o  oper a tes  a  s ec ondar y l i ne  tha t  r uns  f r om

W el l ton through Phoenix and back to the m ain l i ne at  Pi cacho.  A por t i on of

this  l ine between W el l ton and Buckeye is  out of service, but four  to s ix trains

move dai ly between Phoenix and Picacho. T he legis lature has author ized the

Ar i zona  Depar tm en t  o f  T r ans por ta t i on  ( ADO T )  to  us e  veh i c l e  l i c ens e  tax

funds to preserve the W el l ton/Buckeye corr idor ,  par ts  of  which are owned by

the rai l road, the s tate and the U.S. Bureau of Land Management
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TABLE 3 .9

GENERAL COMMODITIES TRANSPORTED

Railroad

Burlington Northern Santa Fe

Union Pacific

Black Mesa & Lake Powell

Commodities

Intermodal (80%), Mixed Freight (20%)

Intermodal (60%), Mixed Freight (40%)

Coal (l00%)

Coal (l00%)

Paper (40%), Grain (30%), Chemicals (30%)

Mixed Freight (85%), Chemicals (la%)

Passengers (95%), Coal (5%)

Copper Products (l00%)

Copper Products (l00%)

Passengers ( l00%)

NA

NA

Chemicals (90%), Copper Products (10%)

NA

Coronado

Apache

Arizona & California

Arizona Central

Arizona Eastern

Copper Basin

Grand Canyon

Magma

San Manuel"

San Pedro & Southweestern

Tucson Cornelia & Gila Bend

*Currently out of service
Source: ADOT, Arizona Transportation Factbook. 2002

There are approximately 23 intermodal rail facilities in Arizona. Six
of these are lightly used team tracks where trucks park next to rail cars, and
transloading is carried out manually or by forklift. The major intermodal
facilities are the BNSF's Glendale Intermodal Yard. which handles about
60,000 carloads every year, and the El Mirage automobile distribution fail
tty, which handles between 150,000 and 180,000 cars each year

The Union Pacific 's Phoenix Intermodal Yard handles 43.000 carloads

annual ly,  and thei r Phoenix Auto Yard around 4,800 auto carr iers.  Union

Pacific no longer maintains an intermodal facil ity in Tucson. Truckload ship

meri ts originat ing there must  be driven to Phoenix to be loaded on t rains

there, thus adding to traffic on 1-10. There are smaller intermodal faci l i t ies

operated by the Arizona & California Railroad in Parker and by the San Pedro

& Southwestern Railroad at Bisbee Junction

70



TRANSPORTATION SYSTEMS-CONNECTING RAPIDLY GROWING PLA CES

Urb a n  Tra n s it

There are two major hied-route bus transit  systems in Arizona. Valley

Metro, in the Phoenix area, carries approximately 135,000 passengers daily

and Sun Tran, in Tucson, carries around 60,000 passengers per day. W hile

ridership on Valley Metro has shown robust growth in recent years, up more

than one-third from 1999 to 2003, Sun Tran ridership has remained essential

Ly flat over the same time period. On the other hand, Sun Tran ridership did

increase 6.5 percent during 2004 while transit  ridership declined nationally

Several other smaller cit ies in Arizona operate fixed-route systems, including

Flagstaff, Show Low, Sierra Vista and Yuma. The Navajo Nation and the Hopi

Tribe also operate t ransit  services. Coolidge and Lake Havasu City operate

dial-a-ride systems. Dial-a-ride and paratransit  services for the handicapped

also are important parts of the Valley Metro and Sun Tran operations.

The  Va lley Metro Ra il light-ra il s ys tem is  currently unde r cons truc tion,
funde d a s  pa rt of a  tra ns porta tion  p la n  in  a  Nove mbe r 2004 ba llot propos i-
tion .  Its  min imum-ope ra ting  s e gme n t will be  20  mile s  long ,  runn ing  from
centra l P hoenix through Tempe  and into wes t Mes a  for about one  mile . This
s e gme nt is  s c he dule d to be gin ope ra tion a t the  e nd of 2008. Als o a pprove d
a s  pa rt of P ropos ition  400 we re  a bout 30  mile s  of e xte ns ions  to th is  in itia l
s e gme nt, whic h  will run  in to we s t a nd  north  P hoe nix, G le nda le  a nd fa rthe r
into Me s a .

Intercity Bus Service

The princ ipal  carrier of interc i ty bus t raffic  in Arizona is Greyhound

Lines. It  provides service at least once a day on most of the major corridors.

A growing number of local ly-owned operat ions offer airport  l imousine ser-

vices between Phoenix and Tucson, between Tucson and Nogales and other

points in southeastern Arizona, and between Phoenix and the more distant

communities of Prescott, Sedona and Yuma. Currently there is no bus service

between Flagstaff and Page.

Ports of Entry

There are 22 ports of entry in Arizona, with six of these on the Mexican

border. Apart from regulat ing the How of people and private vehicles across

the border, these entry points must also monitor commercial vehicles for reg

castration, motor taxes, size and weight restrictions, vehicle safety, licensing

and insurance. In this respect the Nogales faci l i ty is by far the state's lag

est. In 2000 Nogales processed more than 250,000 truck crossings San Luis
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around 40,000 and Douglas about 34,000. Nogales is the only major port in
Arizona that can accommodate imports by rail. In fact, only Laredo, Texas
processes more tons of northbound trade by rail than doesNogales. Although
the number of trains crossing the border at Nogales has fallen somewhat in
recent years, their length has more than doubled, from an average of 48 con-
tainers per train in i 996 to 106 in 2004. The port also is processing a greater
percentage of full containers. By value, automobiles account for about three-
quarters of the commodities entering the country by rail at Nogales, followed
distantly by various copper products and copper ore (9.8 percent), beer (7.6
percent) and Portland cement (2.5 percent). The Nogales port of entry is cur-
rently being redesigned to accommodate increasing Hows of goods and peo-
ple, both more efficiently and more securely. The Nogales CyberPort Project,
commissioned by the Governor's CANAMEX' Task Force in Spring 2002, is
responding to the need for a more secure Mariposa port of entry following the
September 1 l, 2001 attack. In addition the project seeks to improve the entire
trade How process and reduce commercial traffic bottlenecks. Improvements
also are underway at ports of entry in Yuma and Cochise Counties.

TRANSPORTATION PLANNING AND FUNDING

State law empowers  the State Transportation Board to set priorities
for individual highway and airport projects and award all highway contracts.
The Board is  made up of seven members appointed by the governor from
each of six transportation districts, including two members from district one,
Maricopa County.

For planning purposes, Ar izona is  divided into several  planning and de-

velopment dis tr ic ts .  Counc i ls  of Governments  (COGs) have been establ ished

in these distr ic ts by agreement among the local  governments wi thin each area

for  the purposes  o f  coord i nat i ng com prehens i ve p l ann i ng on an area-w i de

or regional  basis  (Figure 3.9) . ADCTF recognizes and assis ts  these COGs as

area-wide transpor tat ion planning agenc ies through the provis ion of i ts  tech-

n i ca l  and f i nanc ia l  suppor t .  ADOT  al so provides  advi sory ass i s tance to the

non-metropol i tan COGs through i ts  local  ass is tance program. T ranspor tat ion

planning funds  are made avai lable by ADOT  to al l  the rural  COGs.

The Maricopa Association of Governments (MAG), Pima Association
of Governments (PAG), Flagstaff Metropolitan Planning Organization,
Central Yavapai Metropolitan Planning Organization and Yuma Metropolitan
Planning Organization are designated by the governor as the Metropolitan

' CANAMEX is a 1,504 miles federally designated "high priority" trade corridor that thcilitates
the How of trade and tourism between Canada and Mexico through the western states of Mon-
tana, Idaho Utah, Nevada and Arizona.
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Planning Organizat ions (MPOs) for the Phoenix, Tucson, Flagstaff,  Prescott

and Yuma metropol i tan areas.  As such, these agencies are responsible for

developing comprehensive long-range t ransportat ion plans.  Specific  t rans

potat ion planning responsibi l i t ies of the COGs are out l ined in their annual

work programs, which are approved at local,  state and federal levels.  Their

typical planning act ivit ies include: the development of goals and object ives

issue review, data collection and analysis, forecasting needs and deficiencies,

developing alternative plans and carrying out special transportat ion studies.

Public input and impact analysis also are important aspects of regional trans-

portat ion planning.

The major source of funding for the construct ion and improvement of

the state's highways and bridges is the Highway User Revenue Fund (HURF).

The HURF serves as the depository for state taxes and fees relat ing to the

operat ion of motor vehic les.  These are,  in descending order of importance:

gasoline taxes, currently 18 cents per gallon, vehicle license taxes, based on

the value of the vehicle being taxed, use fuel taxes, a tax on diesel fuel that

varies from 18 cents per gallon for passenger cars to 26 cents per gallon for

commercial trucks and buses, and motor carrier fees. Of these sources for the

HURF, only one,  the vehic le l icense lax,  is t ied to the rate of inflat ion,  and

the rate has been reduced in recent years. These revenues are distributed from

the HURF through ADOT to each city and region based upon its size relative

to others.

Fe de ra l funds  a re  a pportione d in  a c c orda nc e  with  the  Tra ns porta tion
E qu ity Ac t for the  21s t C e n tu ry (TE A-21).  TE A-21  re qu ire s  tha t a ll u rba n
areas  with a  popula tion over 50,000 have  a  trans porta tion plan bas ed on a  co-
ordina ted, comprehens ive  and continuing planning proces s . This  requirement
is  the  re s pons ibility of the  de s igna te d MP O. TEA-21 funds  a re  a va ila ble  for
road cons truc tion, ma intenance  and s a fe ty, bridge  replacement and rehabili-
ta tion, ra il-highway c ros s ing improvements  and planning and re s ea rch.

Several  metropol i tan areas in Arizona have voter-approved Regional

Area Road Fund (RARF) programs that  raise money for t ransportat ion lm

provements through sales taxes. Maricopa, Yavapai and Pinal Counties have

RARFs, and the Flagstaff metropolitan area also is raising funds for specific

transportation projects through local taxes

Airport  funding is generated from two sources in Arizona, the federal

Airport  Improvement  Program (AlP) and the State Aviat ion Fund.  The AlP

rel ies on user fees to address defic iencies in safety,  securi ty and capacity

Less than half of the funding of Arizona's primary airports current ly comes

from this source, however, and none of the secondary airports are eligible to

receive it .  The State Aviat ion Fund, administered by ADOT, relies mainly on

73



TRANSPORTATION SY.SITEMS-CONNECTING RAPIDLY GROWING PIACES

a pa

FIGURE 3.9
COUNCILS OF GOVERNMENTS

Mann

Source: ADOT, Intermodal Transportation Division, 1999.
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revenues from the flight property tax, the aircraft l icense tax, the aviation fuel

tax and Grand Canyon Airport revenues

In the past  som e funding for  rai l roads has com e from  the Federal

Railroad Administrat ion's Local Rai l  Freight  Assistance Program. No funds

have been appropriated for this program since 1994, however. TEA~2l does

contain provisions for reviving the program,  w i th priori ty for projec ts that

address safety, environmental concerns, economic development and the pres

ervat ion or enhancement  of smal l  communit ies and rural  areas.  There are

currently no state funds dedicated to railroad transportation. Absent the avail

abi l i t y of federal  funds,  Ar izona's rai l  l ines are obl iged to fund thei r  own

capital and maintenance projects

The federal  government  funds capi tal  and operat ing assistance pro

grams for urban transit. MPOs, such as those in Flagstaff and Yuma, can serve

as conduits for direct ing these funds to local operators.  Larger c it ies,  how

ever,  receive their federal  funds direc t ly.  ADOT administers two federal ly

funded rural transit programs, The Section 5311 program assists rural transit

operations, and the Section 5310 program assists transportation services for

the elderly and persons with disabil i t ies.  Local governments in Me Phoenix

metro area also have enacted sales taxes dedicated to transit projects

One local source of transportat ion funding in Arizona deserves special

mention, In 1985 voters in Maricopa County approved a one-half cent trans

potat ion excise tax for the construct ion of control led-access highways. This

enabled a near doubling of the freeway system in the MAG region, which has

added nearly 1,000 new lane-miles since then. In 2004 the voters approved

the extension of this tax for another 20 years, which is expected to raise ap

proxim ately $9 bi l l ion over this two-decade span,  al low ing for the growth

of the freeway system by another 50 percent,  with the addit ion of well  over

1,000 new lane-miles. Under the voter-approved plan, 56 percent of the tax

revenue is al located to freeways, public  t ransit  receives about one-third,  to

be spl i t  almost equally between bus and rai l ,  and streets nine percent.  The

remainder is dedicated to safety planning, bike paths and walkways. Last fall

voters in Pima] County approved a similar measure, which is projected to raise

nearly $1 bil l ion dollars for transportat ion over its 20~year l ife span

O n  May  1 6 ,  2 0 0 6 , residents of  P im a Count y  approved a 20-year

Regional  Transportat ion Authori ty Expendi ture P lan,  based on a one-hal f

cent  t ransportat ion sales tax.  The $2.1 bi l l ion plan al locates 58 percent  to

roadway improvements (200 new lane miles), 27 percent for transit improve

merits, nine percent for safety improvements and six percent for environment

tal and economic vitality
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STRAINS IN THE CURRENT SYSTEM

Highways

Despi te this highly art iculated planning st ruc ture and the variety of

funding sources now in place, populat ion growth in Arizona is already over-

coming some of the state's principal roadways. Arizona is not yet adequately

considering the growth that is coming in the next twenty-fivc years, essential-

ly only that growth which has already occurred, especially in the last decade

or less, and especially in the Phoenix metro area, is being addressed. In this

region the strains arc most evident in commuter traffic in the newly dcvclop-

ing "Pinal Horseshoe" in the southeast valley, along 1-10 in the west valley

and along 1-17 in the north. These examples are offered only as i l lustrat ions

of the current strains.

The "Pinal Horseshoe," a crescent arcing around the southeastern edge

of the Gila River Indian Community in Penal County, has experienced explo-

sive populat ion growth in just the last few years, as many homebuyers with

jobs in the Phoenix area have fol lowed the "drive unt i l  you qualify" strategy.

Now,  as county and ADOT off ic ials arc  st ruggl ing to com e to term s w i th

the new reality, those buyers arc discovering a more difficult drive than they

perhaps had in mind when they bought their new homes. At the west end of

the horseshoe,  for exam ple,  t raff ic  counts at  Maricopa Road (Arizona SR

347) and 1-10 nearly doubled between 2002 and 2004, at the intersection of

Maricopa Road and Casa Grande Highway counts more than t r ipled in the

sam e period,  at  the easter end,  at  the intersec t ion of Hunt  Highway and

Thomson Road counts rose from 2,400 cars per day in 2000 to over 20,000

in 2005. Many of the roads in this area are relat ively narrow and often inter-

rupted by four-way stops-an essent ial ly rural infrastructure not  designed to

handle the heavy traffic of urban commuters. Traffic citations have increased

dramatically, as have accidents.

1-10,  along a nine-mile stretch between the Loop l0l  to the Loop 303

in the west  val ley com m uni t ies of Goodyear and Avondale,  had a fatal i ty

rate of 1.56 per mile in 2004. This makes it one of the deadliest pieces of the

highway in the entire country. For comparison, 1-10 as a whole averages 0.19

fatal i t ies per mile, in Arizona it  averages 0.30 fatal i t ies per mile, and in the

Phoenix metro area, including Goodyear and Avondale, it averages 0.71 fatal-

it ies per mile. A major reason for this exceptionally dangerous situation is the

bott leneck at  the m id-point  of this nine-mile stretch where 1-10 westbound

narrows to two lanes each way-another essent ial ly rural  system ,  in other

words, being asked to do duty as a throughway for heavy urban commuting

traffic. Once again, explosive population growth in the west valley communi-
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t ies of Litchfield Park,  Goodyear and Buckeye has created a problem far in

advance of what transportation planners foresaw. According to the construe
son schedule in MAG's Regional Transportat ion Plan, widening of this part

of 1-10 will not begin until 201 l

Suburban growth,  however,  is not  always to blame for deteriorat ing

road condit ions. 1-17 north of Phoenix was built  in the late 1950s and early

1960s as a rural highway connecting a much smaller metropolitan area with

a sparsely populated area in the north of the state. For most of i ts length i t

has remained essent ial ly unchanged since then. North of Phoenix,  now the

sixth largest  metropol i tan area in the country,  1-17 narrows from six lanes

and a high occupancy vehic le lane to only four just  south of Pinnacle Peak

Road. Pinnacle Peak is two miles north of the Loop laI ,  and a ful l  12 m iles

south of Anthem, another major contributor to the congestion. Traffic counts

at Pinnacle Peak Road have more than doubled in the last ten years, and ac-

cidents between that point and Cortes Junction, about 45 miles to the north,

have increased from around 300 in 1994 to nearly 750 in 2005. Current ADOT

plans do not call  for any major expansion of 1-17 unt i l  after 2020, and even

then the improvements will extend only as far as Anthem.

Another sort  of st rain on the current  system  is t im e:  the inevi table

costs imposed by delays in highway improvement. MAG's 2006 schedule of

freeway building had to be altered due to an unexpected rise in construction

costs. Bids for projects came in nearly 20 percent higher than anticipated be-

cause of shortages in critical commodities, such as cement, brought on in pan

by general increases in demand as well as demand generated by Hurricane

Katrina reconstruction. The result is that some projects, such as the bypass

around downtown W ickenburg,  have had to be put  off,  and delays always

mean higher costs in the end. Planners hope that booming population growth

in the Phoenix metro area also will create transportation tax revenues higher

than originally anticipated, so they can catch up with the original work sched-

ule by 2010.

S ky  Ha rb o r  In te rn a t io n a l Airp o r t

In the year 2000 Sky Harbor ranked third worst  in the nat ion in dear

tore delays caused by ai rport  condi t ions,  behind Newark and La Guardia

Delays had more than doubled since 1998. One of the major causes was air

pol lut ion,  which caused m ore delays in Phoenix than rain did in Seat t le

Parking at  Sky Harbor cont inues in short  supply,  creat ing more pressures

for off-site options. Tempe residents continue to voice concerns over airport

noise,  in part icular as plans for a fourth runway begin to be contemplated

In 2001 Sky Harbor started to seek approval  for a new W est  Term inal ,  to
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have a 33-gate capacity, again over objections from Tempe. Approval for this

new terminal is not yet final, and it  would not open until 2011 at the earliest

Expansion at Sky Harbor also depends on maintaining height restrict ions on

urban development nearby. The City of Phoenix has recent ly approved new

rules that give the safety of present and any future fl ight paths priority over

real estate development,  but the City of Tempe has not fol lowed suit .  Intra

metropoli tan differences l ike these could have the effect  of either impeding

the development of new capacity at  Sky Harbor,  current ly the fi fth-busiest

airport in the country, or shift ing new capacity to alternative locations

FUTURE TRANSPORTATION NEEDS

Hig h wa y s

Accord ing to the Governor 's Transportat ion V is ion 2]  Task Force

which submit ted i ts final report  in December 2001, the number of dai ly ve

chicle miles driven in the Phoenix and Tucson metro areas will grow by more

than 50 percent by 2020. Vision 21 also predicted that traffic volume along I

10 between these two cities would double in the same period. Clearly Arizona

is on i ts way to a severe,  and cost ly,  t ransportat ion problem  on i ts m ajor

roadways. A recent study found that increased fuel consumption and lost time

due to congestion already amounts to a cost of $540 per capita in the Phoenix

metro area and $395 per capita in Tucson. PAG predicts that, even assuming

all i ts roadway improvements are built ,  the percentage of vehicle miles div

en in the region under condit ions of ei ther severe or heavy congest ion wi l l

double in the period from 2000 to 2025, rising from 27 percent to 54 percent

Travel on state highways also is becoming increasingly congested. Table 3.10

shows the growth in numbers of commercial trucks on all Arizona interstates

from 1990 to 2000, a decade that saw an increase in this traffic of 105 percent

There is no reason to expect this trend to change over the next 20 years

TABLE 3 .10

ANNUAL COMMERCIAL VEHICLE COUNTS
(trucks greater than 26,000 gross vehicle weight)

39_989 948.200

39.234 1.567. I of

6 I .900 2.002.700

Sourced ADOT. Vsion 2]

307.200

486.400

598.800

31 .400

38.600

80.200

3 I3.300

364.000

610.700

Total

l _640_089

2.495.334

3.354.300
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Aviation

According to the Slate Aviation Needs Study (SANS), 2000, commercial

passenger enplanements in Arizona are expected to grow 79 percent between

2000 and 2020,  reaching a total  of m ore than 31 m i l l ion annual ly at  Sky

Harbor, and about 3.5 million at Tucson International. Air cargo operations at

Sky Harbor are expected to triple by 2020 and double at Tucson. Al rural air-

ports, on the other hand, passenger service is declining due to "leakage"-the

tendency of passengers to t ravel  to larger airports with bet ter service-and

will l ikely continue to do so into the future.

Passenger Rail

Phoenix is currently the largest urban area in the country without pas-

senger rai l  service,  and Amtrak has no plans to return service to the c i ty.

Other ideas for passenger rai l  service,  inc luding a high~speed l inkage be-

tween Phoenix and Tucson and commuter service in the Phoenix metro area,

have been discussed from t ime to t ime. The high-speed l ine would require

bil l ions of dollars for service to a currently unknown and untested market. A

commuter network in the Phoenix metro area might attract more riders, and

examples of the development of such services in Albuquerque/Santa Fe and

Salt Lake City are encouraging. In those places, however, builders were able

to buy unused track from railroads, in Phoenix any passenger service would

have to share tracks with freight trains, and those tracks are already at or near

capacity.

Fre ig h t  Ra il

According to ADOT, the number of freight  t rains crossing Arizona is

expected to grow by 15 to 20 percent by 2010. The problems associated with

grade-level crossings will l ikewise get worse.

Funding

The Vision 21 Task Force projected a total of $61.3 bi l l ion as neces-

sary to fund al l  major modes of t ransportat ion for the period 2000 through

2020, but then estimated the available revenues from all sources for the same

period to be $41 bi l l ion,  amount ing to a short fal l  of over $20 bi l l ion for this

two-decade period. Since roadways demand by far the largest expenditures of

all transportat ion systems, the Vision 21 Task Force projected that they wil l

suffer most from this short fal l .  Another study, by the ADOT Transportat ion
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Planning Division,  conc luded there is a $1,75 bi l l ion 20-year backlog to

bring rural  highways in Arizona up to a "m inim al ly acceptable" standard,

and a$728 million backlog to bring urban highways up to this same standard.

The SANS 2000 study concluded that  $315 m il l ion in addit ional funding is

needed by 2010 to maintain current  levels of service at  Arizona's 20 com-

mercial service and rel iever airports,  and that  another $649 mil l ion in new

funding would be needed to bring these airports Lip to minimally acceptable

standards.

The recom m endat ions of the V ision 21 Task Force to m ake up the

short fal l  in Arizona's t ransportat ion funding are,  l ist  of al l ,  to increase the

state's gasol ine tax.  This tax,  Fixed by law at  18 cents per gal lon,  is a Hat

tax, subject to the negative effects of inflat ion and fuel effic iency. Vision 21

recommended an immediate increase by Hve cents per gallon, to be followed

by another four cents four years later (which, according to the Task Force's

original t imetable, would be 2006), to be followed by addit ional two-cent in-

creases at five-year intervals. This would raise the per-gallon tax to a total of

31 cents, one cent lower than the tax currently imposed by Connecticut, and

just  sl ight ly higher than New York.  Because the gasoline tax feeds direct ly

into the HURF, which is const i tut ional ly restric ted to roadways and bridg-

es, the Task Force also recommended the development of statewide funding

sources that could be used to meet the needs of other modes of transportation.

The Task Force called for the phasing in of a dedicated, statewide transporta-

t ion sales tax, adding up eventually to 0.75 percent, and a dedicated, state-

wide development impact fee equal to one percent of value, to be imposed on

all new commercial and residential development in the state.

Regional Coordination

t

Another principal recommendat ion of the Vision 21 Task force, on an

issue perhaps even more crit ical than funding, concerned the coordination of

regional land-use planning with long-range transportat ion plans. This might

seem  obvious on i ts face,  but  the experience of growth in northern P inal

County, of the Anthem development north of Phoenix and of rapid growth in

the west valley, all in the absence of the necessary transportation infrastruc-

ture, illustrate the extent of the problem. One entity, generally local, approves

new development with an eye perhaps on increasing its tax base, leaving the

transportation issues to other entities at the regional or state level. In this way

as metropolitan growth in the Tucson area begins to bleed into southern Pinal

County and eastward into Cochise County-Anthem is current ly planning a

new developm ent  in Benson-the experience of the Phoenix m et ro area is

likely to be repeated, if on a smaller scale.
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Chapter 4

WATER AND GROWTH

SUSANNA EDEN AND SHARQN B. MEGDAL

The Fates of ancient civilizations hint at the risks of growing beyond the
natural limits of available water resources. We have seen the consequences of
water scarcity in countries that lack economic and technological resources
and even in the United States, long-tenm drought has caused large-scale dis
locations as seen, for example, in the Dust Bowl of the 1930s. The settlement
of the western United States, however, has been a story of growth driving
water development.' Historically, investments in reducing water uncertainty
have yielded dividends in financial stability and economic growth. Thc water
displays in Nevada's casinos and decorative lakes in Arizona's subdivisions
are emblematic of the value of water in attracting growth. Increases in pop
lotion, however, are leading to stresses on current supplies and competition
for new supplies

Another engine of growth for Arizona is the quality of life provided
by its uniquely beautiful environment, in which water is a key ingredient
Yet there has been consistent tension between the water demands of growing
populations and the needs of the environment. Use of surface and groundwa
tar for growth of the population and the economy has resulted in significant
loss of riparian areas and habitat. Repairing and maintaining Arizona's envy
ronmental heritage will be a major challenge as the state's population con

tinges to grow. Recently, river restoration projects, such as those in Phoenix
Mesa and Yuma, have been undertaken to enhance the quality of life for urban
residents and visitors. These projects involve major commitments of resource
es over extended periods of time. "The importance of these projects to the
quality of life in the Sonoran Desert is made evident by significant actual
and planned public investments" (Megdal, 2005, p. 1)

Recent news from California suggests that the role of water in limiting growth may be a more
important policy question in the future. The California Court of Appeals rejected a CALFED
plan because its environmental review was based on the notion that growth in Calitbrnia is
inevitable and therefore required increased water delivery from north to south. The Court said
CALFED "appears not to have considered smaller water exports from the Bay-Delta region
which might, in turn, lead to smaller population growth due lo the unavailability of waler to
support such growth" (Pitzer, p.3, emphasis added)
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GROWTH AND WATER DEMAND TRENDS

In the 25 years since 1980, Arizona's population has more than doubled

from 2.7 million to 6.0 million. Between 1990 and 2004, the highest rates of

growth in the state were experienced in Mohave, Yavapai, Pinal and Yuma

Counties, while the greatest growth in absolute numbers has been in Maricopa

County (with a gain of more than one million people since 1990), Pima, Pinal

and Mohave Counties. Population projections as detai led in Chapter 2 in

dilate continued high growth rates in these same areas. The needs of the

major population centers in Maricopa and Pima Counties are widely known

Although the numbers are smaller, communities in other counties are facing

similar challenges. Yavapai County must supply its rapidly growing pop

lotion and preserve the unique environmental qualities supported by peres

rial flows in the upper Verde River. Coconino County, with only a sl ightly

lower growth rate, has experienced water supply difficulties wheN drought

conditions have reduced normal supplies. Despite aggressive conservation

and water rights acquisition measures taken by Flagstaff, the city continues

to face potential shortfalls. Table 4.1 shows the total freshwater withdrawals

in selected fast-growing counties in Arizona

TABLE 4.1
FRESHWATER WITHDRAWALS IN SELECTED

FAST GROWING COUNTIES. 1985-2000
(thousand acre-feet)

Maricopa

Mohave

Pinal

Yavapai

Source: U.S. Geological Survey, Wafer-Use Trends in the Desert Southwest-l950~2000
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Increases in urban and suburban populations will increase municipal

water demand. Water use increases proportionally with population growth
if per capita use remains steady. Many factors affect per capita usage. For

example, new construction to accommodate growth can include water-sav-
ing features that reduce per capita consumption. On the other hand, large
cities can alter their own climates through the creation of urban heat islands,
which in tum may lead to higher water use. Of greater importance to water
demand are the water-use habits and expectations of residents. Conservation

programs have met with mixed results in the past, and the realistic potential

for savings is a subject of debate.

It often is assumed that population growth will occur on previously
irrigated farmlands, and when this happens, total water use will decline. But
this has not always been the case. In some places, residential development
takes place on desert land, or farmland is merely displaced by development
to new agricultural parcels further from cities, and total water use increases.
In Maricopa County, total water usage declined between 1990 and 2000,
when a 56 percent increase in public supply was more than offset by a 30
percent decrease in agricultural irrigation. On the other hand, no long-term
change in water use was recorded when Salt River Project agricultural acre-
age was converted to residential and commercial development. Figure 4.1
compares changes in agricultural and domestic water use in Maricopa, Pima
and Mohave Counties from 1985 to 2000.

CURRENT WATER SOURCES

Currently, Arizona draws on four principal sources of water: the
Colorado River, other surface water, groundwater and effluent. An average of

39 percent of Arizona's water (2.8 million acre-feet) comes from the Colorado
River, and about half of that is delivered through the Central Arizona Project

(CAP) to central Arizona. Non-Colorado River surface water sources include
the Salt,Verde,Gila and Agua Fria Rivers and the reservoir storage systems
located on them. On average, Arizonans get 19 percent of their water (1.4
million acre-feet) from all non-Colorado River surface water sources (Figure
4.2).

Approximately 40 percent of the water used in Arizona comes from
groundwater. In total, Arizona's aquifers hold a very large amount of water,
most of it water that has been collecting underground for thousands of years.
However, the capability to extract and use this groundwater is limited by a

number of factors, including depth, geology and chemistry. Natural recharge
which occurs mainly along mountain fronts and in stream channels, conti

us to add to this supply. In the most populous areas of the state as well as in
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WATER AND GROWTH

areas with irrigated agriculture, however, water is pumped from groundwater

sources faster than it is replenished naturally. This has led to declines in water

level by hundreds of feet in some areas as well as aquifer compaction, subsid-

ence of the ground surface and soil fissures.

FIG UR E 4 .2
WATER S OURCES , 2004

Source: Kathy Jacobs and Marshall A. Worden, "Water in Arizona:
Challenges Met and Remaining,"Chapter l in Arizona :s Water Future:
Challenges and Opportunities, Phoenix: Arizona Town Hall, 2005.

Effluent is treated wastewater. The larger the populat ion, the more ef-

fluent is generated. Only a small port ion of the effluent that is generated in

Arizona is used:  approximately 0.14 m i l l ion acre-feet  per year.  Effluent  in

Arizona is used m ost  often for i r r igat ing non-food c rops and turf and for

industrial  cool ing.  W hen released to st ream beds,  i t  may support  r iparian

ecosystems. In conjunction with stream releases or in separately constructed

facil i t ies, i t  also is used for art i fic ial recharge of aquifers.  Combined, these

effluent uses represent only two percent of Arizona's water demand.

WATER RESOURCE MANAGEMENT IN ARIZONA

In Arizona, the different sources of water are managed through differ-

ent systems and under different agencies. Groundwater in populous parts of

the state is managed differently from that in less populous areas. In addition,

water quality is managed separately from water supply.
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Water from the Colorado River is subject to the Law of the River, a col-
lection of interstate compacts, international treaties, Congressional acts and
Supreme Court Decrees resulting from lawsuits between the states sharing
the river. The U.S. Bureau of Reclamation is responsible for managing the

river, under the decision-making authority of the Secretary of the Interior. The
Arizona Department of Water Resources (ADWR) is responsible for making
recommendations to the Secretary regarding allocation of Arizona's share of
the river, although essentially all of the allocations already have been made.

The CAP is allocated approximately half of Arizona's Colorado River
water. Construction on the CAP canal, which carries Colorado River water
to users in central Arizona, began in 1973. The first deliveries were made on
the incomplete system in 1984, and the project was declared substantially
complete in 1993. The canal system has a designed capacity of 1.8 million

acre-feet per year, and a total entitlement to 1.5 million acre-feet. The CAP
is managed and operated by the Central Arizona Water Conservation District
(CAWCD), an organization formed to contract with the federal government
for CAP water and subcontract with water users in central Arizona. The
CAWCD implements policies set by its Board of Directors, a 15-member
body elected from the CAP's three-county service area: Maricopa, Pima and
Penal Counties. The Board sets CAP rates annually.

The Salt River Project (SRP) manages surface water from its reservoirs
on the Salt and Verde Rivers. It is a quasi-governmental organization created
to gain federal assistance in building one of the first major water develop-
ment projects in the West. The Bureau of Reclamation, which constructed
the reservoirs, retains title to them. Dams and reservoirs have been added to
the system as needs expanded, and the organization has evolved to manage
and operate the extensive SRP water and power systems. Land owners iN the
SRP service area own rights to SRP water. Although the SPP was originally
developed for agriculture, about 88 percent of its member lands are now resi-
dential. The project allocates water to member lands at a standard annual rate
of three acre-feet per acre, except in times of shortage, such as in 2004, when
two acre-feet per acre were allocated.

A body of law referred to as "prior appropriation" governs other sur-
face water. The right to use a certain amount of surface water for a specified
purpose is acquired through the process of obtaining a permit to take the wa-
ter, constructing the means for taking the water and conveying it ro its point
of use, and then using the water. The first person to acquire a right to water

from any water body has the highest right to water, while the newest water
right holder has the lowest right. In times of shortage, the holders of the older
rights receive all of their water before newer rights holders receive theirs.
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Most of the surface water in Arizona already has been appropriated. ADWR
administers the surface water permit program, but the rights holders perform
water management, and disputes between rights holders that are not settled
between them are litigated.

Arizona law holds that effluent belongs to the entity that generates

it (except under certain special circumstances). The entity has the right to
recapture the effluent even if the effluent has been discharged to a stream
channel for many years and others have appropriated the How as surface wa-

ter. ADWR has an interest in effluent as a renewable water resource, espe-
cially when it is substituted for groundwater use or recharged to the aquifer
in Active Management Areas (AMAs). The uses of effluent are regulated
for environmental and public health purposes by the'Arizona Department
of Environmental Quality (ADEQ) and the U.S. Environmental Protection
Agency (EPA). These agencies also share regulatory authority over other ac-
tivities relating to water quality such as waste discharges, nonpoint source
pollution, groundwater remediation and drinking water treatment.

Groundwater is managed under two systems. In critical groundwater
areas, i.e., the AMAs, ADWR regulates the use of groundwater under the
authority of the 1980 Groundwater Management Act (GMA). In the rest of
the state, groundwater is governed by the reasonable use doctrine: the owner
of land has the right to pump groundwater from beneath the land for a rea-
sonable use on the land. Like surface water within the prior appropriations
system, under reasonable use, groundwater management is the responsibility
of the right holder and intractable disputes between rights holders are liti-
gated. ADWR issues permits for' water wells and maintains a registry of well
permits.

More comprehensive groundwater management is possible in AMAs
through the planning and regulatory activities of ADWR. Since the 1940s,
groundwater has been pumped more rapidly in certain parts of the state than it
has been replenished, resulting in a condition called "overdraft." AMAs were
created in basins where groundwater overdraft had become a critical issue
because of population growth and agricultural water uses. The management
goals of the AMAs differ in some ways because of their different situations,
but they share the overall goal of reducing or halting overdraft.

Four AMAs were created at the time of the GMA passage: Phoenix,
Tucson, Pinal and Prescott. The Santa Cruz AMA, which split off of the
Tucson AMA, became a separate AMA in 1994. The boundaries of the
AMAs surround major population centers and generally coincide with
the boundaries of groundwater basins (Figure 4.3). Eighty percent of
Arizona's population lives within the boundaries of these AMAs. Through
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the  m e cha nis m s  e s ta blis he d in the  GMA, ADWR ca n m a na ge  ground
wa te r withdra wa l a nd us e  to a chie ve  AMA-wide  goa ls . Ta ble  4.2 s hows
the  ma na ge me nt goa ls  for e a ch of the  AMAs . The  GMA a ls o e s ta blis he d
Irriga tion Non-Expans ion Areas , whe re  irriga ted acreage  could not expand

TABLE 4.2
ACTIVE MANAGEMENT AREA GOALS

Description

Phoenix AMA Large, urban area, agree
cultural use

Goals

Safe-yield by 2025

Pima! AMA Agricultural use, small
urban area economy

Prescott AMA Large, urban area

Extend agricultural economy as long
as feasible. Allow development of non
irrigation water uses. Preserve water
supplies for non-agricultural uses

Safe-yield by 2025

Santa Cruz AMA Small urban area; bind
tonal, riparian and water
level lSSLl€S

Maintain safe-yield. Prevent local we
tar tables from declining long-term

Tucson AMA Large, urban area Safe-yield by 2025

Note: Safe-yield is defined as a long-term balance between the annual amount ofgroundwa
tar withdrawn in the AMA and the annual amount of natural and artificial recharge
Source: Arizona Department of Water Resources, 2002

No new areas of Arizona have become AMAs since the passage of the
Act. The GMA provides for designation of AMAs where overdraft is identi
fled as a critical problem, and ADWR undertook studies to determine the
need in the San Pedro watershed of Cochise County. The ADWR opinion
issued in March 2005, stated that the area did not meet statutory requirements
for an AMA. This opinion disappointed environmental interests, but reflected
the preferences of rnostjurisdictions in rapidly growing areas outside AMAs
They continue to prefer local action to formation of an AMA and the state
level regulation that would ensue

Within AMAs, annual groundwater withdrawals are limited and subject

to regulation according to the type of right held by the pumper. There are Ir
ligation rights, non~irrigation rights (Type I and Type II), service-area rights
and rights pursuant to new groundwater withdrawal permits. Domestic wells
with low pump capacities(generally, 35 gallons per minute or less) are ex

emit from most GMA regulations
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Assured Water Supply and Adequate Supply Rules

Developers of new subdivisions are required to show that they have
access lo sufficient water lo support the needs of the development. Outside
of AMAs, developers must obtain a determination of water supply adequacy
from ADW R before they can subdivide land and sell lots. However, even
when the water supply is determined to be inadequate, lot sales may proceed
as long as the first purchaser of the land is informed.

A few new tools exist for counties and communities outside AMAs
to help them prepare for growth. The Arizona Legislature has required and
authorized rural communities to plan for growth and drought. "Growing
Smarter" legislation passed in 2000 contains a requirement that growing mu-
nicipalities with populations larger than 2,500 and counties with more than
125,000 people include a water resources element in their comprehensive
plans. The element must identify legally and physically available supplies that
are known to exist, estimate future demand for water, and describe how the
demand will be served. The requirement provided an incentive for the coun-
ties and municipalities to plan for growth and include water supplies among
the elements included in the plans. The Arizona Rural W atershed Initiative
has provided planning and technical assistance to rural areas. Authorizing
legislation gave impetus to the creation of watershed partnerships and such
alliances have been formed in 17 watersheds (Figure 4.4). Active alliances
have focused first on acquiring accurate infonnation about their water situa-
tions and informing and educating themselves and their communities. Their
combined efforts give them a stronger voice in regional and state decisions.

More ef fective water management tools are available within AMAs.
There, developments either must obtain a Certif icate of  Assured W ater
Supply (AW S) from ADW R or must be served by a water provider with an
ADWR-issued AWS Designation. In order to obtain a certif icate or designa-
tion, the developer or provider must show that water is physically, continu-
ously and legally available for 100 years and that it meets federal and state
potable water quality standards. In addition, the water supplier must show
the f inancial capability to develop any needed water infrastructure. Finally,
use of the water must be consistent with the water management goals of the
AMA. This f inal criterion means that a signif icant portion of the water used
by new developments must come from renewable supplies. For the most part,
the renewable water used to meet this requirement in central Arizona is CAP
water, even for developments too far distant from the CAP canal to take the

water directly. W here groundwater conditions are favorable, the rules allow
the developer or provider to offset groundwater use by the new development
with recharge of renewable water or substitutions of renewable water for an
established groundwater use elsewhere in the AMA.
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FIGURE 4.4
RURAL WATERSHED GROUPS
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Asa Giéxn

Arizona Watershed Alliance
1 Arizona Strip 10 Silver Creek
2 Northwest Arizona Watershed Council 11 Show Low Creek
3 Coconino Plateau Regional Water Study 12 Upper Little Colorado River Partnership
4 Little Colorado Multi-0bjective Management 13 Eagle Creek
5 Upper Verde and Middle Verde Studies 14 Upper Gila
6 Upper Bill Williams 15 Lower San Pedro
7 Upper Hassayampa 16 Middle San Pedro
s Upper Agua Pria 17 Upper San Pedro Partnership
9 Northern Gila County Water Plan Alliance

Source: Arizona Department of Water Resources
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In the process of developing the AWS rules, it became clear that a
mechanism was needed to give developments on AMA land distant from
the CAP canal access to renewable supply credits for development. At the
same time, Arizona was not using its full entitlement to CAP water. The large

quantity of "excess" CAP water represented a financial challenge and a wa-
ter management opportunity. The State legislature authorized development
of a Groundwater Recharge Program and creation of the Central Arizona
Groundwater Replenishment District (CAGRD) and Arizona Water Banking
Authority (AWBA). These actions all were intended, among other goals, to
use water available immediately that otherwise would go unused in Arizona.
They also provide ways to buffer CAP users from system shortages and out-
ages. In addition, the recharge program and the CAGRD help developers
meet AWS requirements.

Th e  Re c h a rg e  P ro g ra m

Arizona's groundwater recharge program allows groundwater users to
accrue credits that can be used to claim water in the future or to offset current
groundwater pumping. Entities with CAP subcontracts can store CAP water
they cannot use immediately in recharge facilities, from which they may re-
cover the water later. They may also recover the water at a different location.
In Groundwater Saving Facilities, water credits are accrued for substituting
CAP water for groundwater pumped pursuant to an irrigation, or other, grand-
fathered right. Water credits also can be earned by recharging effluent. Long-
term groundwater storage credits are banked in the account of the storage permit
holder. Later recovery of storage credits requires a recovery well permit. Many
issues related to recovery of long-term storage credits remain to be resolved,
and they are likely to have an impact on how future water supply plans are
configured. Table 4.3 shows the number of permitted recharge projects in

AMAs as of June 30, 2005 .

Subdivision developers and municipal providers also can comply
with AWS requirements by joining the CAGRD. CAGRD members pay the
District, which assumes the obligation to replenish excess groundwater use,
as determined by implementation of the AWS Rules. This option is especially
useful for entities that do not hold CAP subcontracts. Because of factors such
as the high cost of infrastructure, a few providers with CAP subcontracts and

the new developments in their service areas have chosen to use the CAGRD
by requesting that their subcontract entitlement be assigned to that organi-
zation. The AWS program and the CAGRD function together to ensure that
all new subdivisions in AMAs include a substantial proportion of renewable
supplies in their water portfolios. The CAGRD, in its most recent ten-year
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plan of operation, projects enormous growth in demand for its replenishment
services over the next 25 years. Figure 4.5 projects CAGRD's replenishment
obligations both for current members only and for new enrollments. The in-
tegrity of the system rests on its ability to meet its future replenishment ob-

ligations. In its most recent ten-year plan, the CAGRD projected declining
availability of excess CAP water to the point that the District will not be able
to meet its replenishment obligation with excess CAP water' by 2020 and pos-
sibly as early as 2015. Other sources will have to be used.

TABLE 4.3
PERMITTED RECHARGE PROJECTS IN AMAS

(June 30, 2005)

CAP +
Surface
WaterCAP Effluent

CAP +
Effluent

Surface
Water +
Effluent

CAP+
Effluent
+ sw All

Phoenix AMA
USF 2 2

GSF

13

5

21

3

3

l

41

9

Prescott AMA
USF 3 l

GSF

4

0

Penal AMA
USF 4

GSF 3

4

3

Tucson AMA
USF 5 9

6

76

4

GSF 6

TotalAMAs 3] 36 4 3 l I

Note: USF = Underground Storage Facility and GSF = Groundwater Savings Facility.
Source: Arizona Department of Water Resources, Semi-Annual Status Report, June 30, 2005

Arizona Water Banking Authority

The AWBA was created in 1996 primarily to ensure reliable mLlnicipal
water deliveries during future shortages on the Colorado River or CAP sys-
tem failures. It achieves this by storing CAP water in constructed recharge
and groundwater savings facilities. The AWBA does not compete with other
CAP water users 01' rechargers, standing last in line in priority. It has, how-

ever, used all the unclaimed and unused CAP water in the system. Since its
inception, the AWBA has stored or saved more than two million acre-feet of
water for Arizona uses. The AWBA also stores some water for Nevada under
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its  inte rs ta te  banking authority. The  AWBA works  clos e ly with the  CAWCD
which has  the  res pons ibility to de liver recovered CAP  wate r in times  of s hort
age  or outage  of the  CAP  cana l

FIGURE 4_5
PROJECTED CAGRD REPLENISHMENT OBLIGATIONS

ll

Source: Justin Ferris, Sharon B. Megdal and Susanna Eden, "An Introduction to the Central
Arizona Groundwater Replenishment District," The University of Arizona, Water Resources
Research Center_ 2006

TOOLS AND STRATEGIES

To accommodate new growth, planners are examining their water port

folios and looking for ways to expand them. Three main avenues for expat

Zion have been identified

Demand Management and Conservation

By using less, Arizonans create a source of water to support growth

This is not a universally popular idea, and generally will not lead to conserve

in behaviors. But metering and prices can motivate conservation behavior

that saves consumers money on their water bills. Incentive and assistance

programs can lead to changes in infrastructure that make it more water-ef

ficient. Regulation and ordinances can mandate or prohibit activities in order

to reduce water use
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Ma xim ize  Us e  fro m  Exis t in g  S o u rc e s

Most water plans include maximizing the use of existing renewable

sources of water: CAP subcontracts, other surface water rights and effluent
along with continued use of groundwater. As these sources approach full us

ligation, problems become more apparent and costs rise. Although southern
Arizona is rich in groundwater resources, problems associated with over
pumping are already severe in some areas. Groundwater overdraft is draw
in down water tables, threatening or destroying ecosystems, and, in some
places, causing subsidence. In the headwaters of the Verde, Agua Fria and
San Pedro Rivers, groundwater pumping will have to be limited if surface
water flows are to be maintained. Even in the best of circumstances. the costs
of extracting groundwater rise as depth to water increases, and in Arizona the
quality of the water usually worsens with depth

There will be "excess" CAP water for some years into the future, al
though the annual amount of this"excess" is projected to decline from 900,000
acre-feet in the year 2005 to just over 100,000 acre-feet in 2049, and to zero

in 2050. In addition. some CAP water will be available for redistribution
over the next 20 years, although uncertainty occasioned by on-going stream
adjudications and Indian water settlements makes it impossible for any entity
to plan on acquiring more CAP water from this source, Other Colorado River
water that is not allocated to the CAP could be leased or acquired by other
mechanisms from Indian and non-Indian irrigation water users with rights to
pump directly from the river. However, such transfers would be complicated
and would require that third-party impacts be addressed

Develop New Sources

At this time, the outlook for new water is limited. Importation of
groundwater from rural areas of Arizona to urban areas is limited by stat
Lute. Only the Butler, McMullen and Harquahala Valleys may be exploited
for groundwater export to AMAs. It has been estimated that large quantities
of water exist in these basins, but acquiring and transporting the water would
be extremely expensive. In addition, weather modification and treatment of
poor quality water, e.g., desalination, have been mentioned as future ways to
increase water supplies, assuming the technologies are cost-effective
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STRATEGIES FOR ASSURING WATER FOR CURRENT
AND FUTURE POPULATIONS

W ate r  p l ann i ng  i n  Ar i zona  has  s e r ved  to  ac c om m oda te  g r ow th ,  no t

r e s t r i c t  i t .  I t  h a s  b e e n  r e c o g n i ze d  b y g r o w t h  p r o p o n e n t s  a n d  o p p o n e n t s

a l i ke  t h a t  t h e  m o r e  e f f i c i e n t l y w a t e r  r e s o u r c e s  a r e  m a n a g e d ,  t h e  m o r e

g r o w t h  w a t e r  s u p p l i e s  w i l l  s u p p o r t .  w i t h  c u r r e n t  t e c h n o l o g y,  A r i z o n a

has  enough  wa te r  t o  s uppor t  a  popu l a t i on  s eve r a l  t i m es  i t s  c u r r en t  s i ze ,

assum ing that  essent ia l l y a l l  the water  would go to munic ipal  and indus tr ia l

users .  However ,  as  more than one observer  has  commented,  other  envi ron-

m enta l  s t resses  and econom i c  d i s l ocat i ons  w i l l  be  fe l t  l ong before  growth

reaches  the  theore t i ca l  l i m i ts  o f  Ar i zona ' s  water  supp l y.  F i nd i ng a  sm ooth

path to sustainable water supply is  another matter .

Demand M anagement  St rateg ies

Improvements in treatment and del ivery systems, inc luding leak detect»
son and repai r  are capable of  saving large quant i t i es  of  water .  Meter ing re~

dices demand by providing consumers  wi th water  use information that al lows

them to moni tor and manage thei r  own water use. Other mechanisms that pro-

vide users  information for  the purpose of induc ing water  conserving behavior

inc lude educat ion and ass is tance programs.  T hese programs have inc luded

i n form at i on ,  fo r  exam pl e ,  about  l ow- f l ow p l um bi ng f i xtu res ,  l ow-water -us e

landscaping, i r r igat ion schedul ing and i r r igat ion sys tem maintenance. W ater

rates also have been used to induce water saving behavior, t iered water rates,

which are relat ively low for  smal ler  amounts  and r ise in s teps as  the amount

of  water  use inc reases ,  tend to d iscourage the use of  very large amounts  of

water, especial ly for  outdoor uses.

Induc ing consumers  to make cos t l y s t ruc tural  changes  l i ke low-water -

use plumbing and landscaping may be more ef fec t i vely achieved through in-

centives, and some incentive programs have been very successful . One strat-

egy reduces  water  service hook-up fees  in exchange for  i ncorporat ing water

s avi ng  i n to  hous e  and  l ands c ape  des i gns .  Ano ther  too l  i s  m od i f i c a t i on  o f

bui lding practices through changes to bui lding codes. Local  ordinances cause

reduced water  dem and by res t r i c t i ng uses  tem porar i l y i n  t im e of  drought  or

other  supply emergenc ies . T emporary res tr ic t ions may l im i t  hours  for  cer tain

types  of  use,  such as  outdoor  car  washing,  or  proh ib i t  them  out r i ght .  More

permanent reductions have been achieved by ordinances that l im i t the amount

of high-water -use landscaping in new developments .
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La n d  Us e  P la n n in g

Land use planning has been used as a growth-management tool to create
and preserve amenities valued by the community such as residential chara
tar, open space, transportation and historical and cultural values. On the other

hand, water planning has been used most often to prepare for and accord
iodate growth. Some people have suggested, however, that water planning
can provide a powerful tool for managing growth. There are communities in
the United States where a moratorium on new water hookups has been used
to slow and redirect building activity to prevent growth from outstripping the
ability of a city or county to supply water. Some private water companies in
Arizona have had to impose moratoria within their service areas. The AW S
rules for new subdivisions have the potential for regulating growth on the
basis of  the availability of  water within AMAs. The CAGRD has buf fered
developers from the growth management potential of those rules

Water Resource Impact and Development Fees

Impact or development fees are common tools used by local juristic
sons to offset the costs imposed by population growth, such as those for

transportation and education, W ater impact fees do not necessarily reduce
water demand, but they provide a source of funds to pay for new supplies
to meet new demands. Proponents of such fees argue that the price of new
development should reflect the additional costs it imposes on a jurisdiction
Opponents argue, among other things, that development ultimately bcncNts
the entire community, so the whole community should pay

STRATEGIES FOR AUGMENTING SUPPLIES

Reusing Effluent

Currently more eff luent is generated than is reclaimed for direct use
or recharged. Effluent is the only source of water that is growing. Growth in
eff luent follows simply from the fact that more people are washing dishes

taking showers and Flushing toilets. Wastewater can be reused through several
mechanisms. At the site of use, "graywater"-drain water from washers, tubs
showers and other than kitchen sinks--can be used for landscape watering

Water quality guidelines for gray water use have been established by ADEQ
On-site use of graywater reduces demand for water from the potable water
system. Although it currently provides an insignif icant proportion of water
saving to AMAs, its potential is much larger. However, widespread use of

graywater could create sewage treatment system problems as a result of re
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diced Hows in sewage lines. It also could affect the water supply plans of
providers who are depending on increases in effluent flows based on history

cal practices, that is, almost no graywater use

Wastewater, after it has been collected in a central facility, may be used
for turf irrigation after tertiary treatment, or after purification it may qualify
for some industrial or even for potable uses. Once considered a nuisance, et
fluent is becoming a valuable commodity. Treated wastewater that meets water
quality standards established by ADEQ can be saved for later reuse through
recharge. Most municipalities and many developers are planning to use most
of' all of the effluent they generate in the future. Frequently, water treatment
facilities are included in development plans and effluent reuse is specified for

golf course and landscaping initiation. Decorative lakes constructed to en
hence the desirability of new residential developments in Arizona were once
filled with high quality water, but a law passed in 1987 ended the practice

Such lakes are now filled with treated effluent instead

Throughout human history treated wastewater has been used in drink
in supplies, and it continues to be used in cities that rely on surface water
Dilution in natural rivers removes the stigma of using treated wastewater dl
reactly. As population growth strains existing supplies, direct potable reuse of
purified wastewater becomes an important resource option. A major impede
went to this use is public disapproval and concern for health implications
With all the unregulated substances of concern moving from wastewater into
the environment, water suppliers are looking seriously at the issue. Various
entities have investigated recharge of effluent to take advantage of soil-aqui
fer treatment and blending with native groundwater for potable use. A project
using effluent that has been purified by advanced treatment has been approved
for a residential development in California

Oth e r  S tra te g ie s

Weather modification is a strategy for enhancing the amount and timing
of precipitation over watersheds. Feasibility studies have been carried out in
termittently over several decades with mixed results. Most planners consider
the near-term probability of producing more water through weather moduli
cation a long shot. Another technologically questionable strategy is desalina
son. The problems of high energy costs and disposal of brine streams have

hindered large-scale desalination for municipal uses in the United States. It
can be cost-effective in some situations, and Phoenix, for example, is invests
gating the possibility of treating and using brackish water from shallow aqua

fees southwest of the city
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CAP  to  S ie r ra  Vis ta

Res idents  of S ie rra  Vis ta  a re
a c tive ly s tudying the  pos s i-
b ility of e xte n din g th e  C AP
ca na l to tha t c ity. A fe a s ibil-
ity s tu dy pe rforme d  by th e
Bu re a u  of R e c la ma tion  e s -
tima te d c on s tru c tion  wou ld
cos t $193  million . This  e s t
ma te  is  ba s e d on  a  pipe line
with enough capacity to carry
a pproxima te ly 30 ,000  a c re -
fe e t of wa te r pe r ye a r.  Th e
s a me  s tu dy e s tima te d  th a t
th e  S ie rra  Vis ta  a re a  wou ld
us e  38 ,500  a c re  fe e t a nnu-
a lly by 2050 . The  pre fe rre d
rou te  wou ld  ru n  e a s t a lon g
In te rs ta te  1 0  from th e  c u r-
re n t te rmin u s  a t P ima  Min e
R oa d, tum s ou th  a t Arizona
High wa y 9 0 ,  a n d  e n d  n e a r
F or Hu a c h u c a 's  ma in  ga te .
S ie rra  Vis ta  currently ha s  no
CAP  wa te r s ubcontra c t. For
S ierra  Vis ta , ge tting the  water
ma y be  a  gre a te r ch a lle n ge
even than paying for the  con-
veyance . On the  othe r hand,
a lth ou gh  th e  G re e n  Va lle y
Community Wate r Company,
only s even miles  s outh of the
te rmin u s ,  a c tu a lly h o lds  a
C AP  s u bc on tra c t for 1 ,9 0 0
a c re -fe e t of wa te r pe r ye a r,
the  high cos t a s s ocia ted with
extending the  CAP  cana l has
prevented tha t a rea  from tak
in  its  e n title me n t.

WATER ANDGROWTH

Water harvesting and water-
shed management are strategies for
capturing more of the water that falls

as rain or snow for human use. Water
harvesting in Arizona generally oc-

curs on site and involves construct-
ing and operating systems that col-
lect, store and distribute precipita-
tion, usually for landscape initiation.
The potential for water harvesting is
large, but at the individual lot scale,
its success depends on the knowl-
edge and commitment of individual
land owners. Watershed manage-
ment involves manipulating plant
cover on watersheds to enhance the
amount and timing of runoff. Most
commonly, management to increase
water yields involves removal of
phreatophytes, i.e. plants that use a
lot of water and thinning of vegeta-
tion in general. Watershed manage-
ment to increase water yields must
include an understanding of the im-
plications for water quality, soil sta-
bility and unintended environmental
consequences.

TRANSFERRING,
TRANSPORTING AND
IMPORTING WATER

Inter-Sectora l Trans fers -the
Future of Agriculture

A substantial portion of the
water for Arizona's growing popu-

lation will come from reductions in
agricultural ilTigation. Currently, ag-
riculture accounts for 80 percent of
all water use in Arizona, down from

97 percent in 1950. For the most
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part, the conversion of agricultural water use to municipal use occurs on or
near the Tann. A prime example is conversion of SRP member lands from
farms to residences. In 1980, the GMA anticipated the gradual decline of

agricultural water use inside AMAs as farmland was replaced by municipal
development. For various reasons, however, the overall anticipated decline in
agricultural water use has not occurred. Table 4.4 juxtaposes data on irrigated
cropland acreage with freshwater withdrawals for agriculture between the
years 1990 and 2002.

TABLE 4.4
IRRIGATED CROPLAND AND FRESHWATER WITHDRAWALS

FOR AGRICULTURE, 1990-2002

Year 1990 1992 1995 1997 2000 2002

903.2 1,0166 887.1
Acres of irrigated
cropland (thou-
sands of acres)

Freshwater with-
drawals (thousands
of acre-feet)

Sources: U.S Department of Agriculture, Economic Research Service, State Fact Sheets:
Arizona, December 8, 2005, and U.SQ Geological Survey, Water-Use Trends in the Desert
Southwest-I950-2000.

6,060 6,390 6,050

Renewable surface supplies provided about 49 percent of agricultural
water use in the year 2000. Cities are eyeing these large quantities of renew-

able water as they look for new sources to meet their growing demand. Non-
Indian irrigation water users on the Colorado brainstem include the Yuma

County Water Users Association, Yuma Mesa Auxiliary Unit B, North Gila
Valley Unit, Wellton-Mohawk Irrigation and Drainage District (ADD), Yuma
Mesa ADD and Cibola Valley ADD. A number of different voluntary mech-
anisms could be used by cities to acquire water supplies from non-Indian
irrigators. These include land purchase, temporary and long-term lease ar-
rangement, forbearance,2 fallowing and other conservation arrangements.
Any agreements for acquiring agricultural water will require compliance
with applicable state and federal policies.

Groundwater aquifers outside AMAs hold large quantities of water
that might supply growing cities. Under current statutes, however, the num-

1 Forbearance means that in any one year agricultural parties with rights to use Colorado River
water would not take the water to which they are entitled so that others can use it. The right hold-
ers are compensated for tbrgoing their right to a certain amount of water
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Sent By: GRIFFITH ENERGY

Mar.H. 1999 9:06AM
5207180727 Feb-8-ot 1:18pm Page 4

N0.0284 p. 2/2

ARIZONA DEPARTRMNT OF WATER RESOURCES
Hydrology Division

500 Nam Third Sven, Phoenix, Arizona 85004
Telephone (602)417-2448

Fax (602)417.2425

M\y 4, 1999
GE

HE é¥8"-lv
MAY 11 :sos

JAN! nu: HULL
Gunnar

nm r. PEAISON
Azizam Power Plant andThanunission

Line ship; Cnmmiaee
do Mr. Chaurles S. Piencu, Ch1h111m
OEm of the Aliumey Genqgl
15 Sonny 15' Avuune

Phncniar. 4ui===»» 15001

Re: Gli1E1h Ellery l=;¢j,¢_ Certificate of Environmental Cuulpltibillty

Gentleman

1114lbove-referencedCudllcueconuinsmudidnmin° I vii ¢ i : p :mu -
afceNaiu locus suqulrd af&e Applicant. mo vo 'WW W 'P one ("ADWW)
caudldnmu, lnlnhr

This letter oaulinus fl\lEIlment of and/or complialnnc with those
ADWR is involved, is follows

Cullditiwm 3
newpmductinntwelihubeeunhilledmhepmpasedwelllieldsitoandpunlptelteduslng

mellwdalaglesthnwmplwppwved byADWRmdinaeeunwduneewidngennxtly1eeeptndpmeedumu. Thawell
dxillinmandustilluewltsltave baenpublldned inn doanilednpomtentided G'r'§0'ilFII"W\u~d\ldiawWill. Rmdtso/the
Driving AuldTaulngh-ayarn, by Monera, one., dated Manda 20, 19991which bu been liunislzed to Una unviewed
by ADWR. eanf'nning eumpllanee with the l:lwe-uppfoved mnhodobgu Ind puoeedlnw

Addltlotldly, iorymar illfuunatiott with respect to Condition 2, ADWR has recently issued drilling permit:
for 6ve gldldnutal pmductitm wells and one monhadng well dm are puvnpoeed to cunsm'ule the well field and weer
WWW for the Project, It locations complying with the dauligrulduut in Condition z of the Cmiflem

lm¢wwlly

Gng Wallace
Assilllnt Diwczor

Gdiith Elwzaf LLC
Jay I. Mayer



Sent By: GRIFFITH ENERGY

Jun.24. 1999 l2'54PM
5207180727 Feb-6-01 1:17pm

I\\|°||1|-
page 2

ARIZONA nEpA11'I'naEnT OF WATER RESOURCES
Hydrology Division

500 North Third Ste¢¢!, Phoenix, Arizona B5004
Telephone (602) 417-2448

Fax (609) 417-2425

June 22.1999
IANED HULL

Arizona Power Plant and Transmission
Line Siring Committee

do Mr. Charles S. Pielwn, Chailman
OHio of the Anomey Gar cull
15 South 15" Avenue

Phoenix. AZ 85001

UTA P. in/unsow
Dlrecuar

Re: Griffith Energy Project, Certificate of Environnumtal Compatibility

Gentleman

The above-refercnccd Cartiticatc contains conditions that involve approval by this
Department ("ADWR") of certain actions required of the Applicant. This letter continue
Iidfdlment of ad/or compliance with those conditions, insofar as ADWR is involved, as
follows

Condition 5
A procedure hasbeen established to monitor for land surfacesubsidence. ADWR has

received and hereby approves the surveyed location and placementof a permanent base
reference monument, and the proposed procedure of monitoxingsurveys to be pedbrmcd
aunnvally byan indejxmdent registered survey engineer to detect my movement of that
monumentafter commcncemem of material groundwater pumping from the proposed well field

Additionally, for you: ii-iumnation with respect to Condition 2, ADWR has recently
issuegl drilling! pcmmits for five additional production wells and one monitoring well that are
proposed to constitute the well field and water supply for the Project, at locations complying
with the designation 'm the Condition 2 of the Cenifi

Gréé Wallace
Assistant Director

Gwnr

Griff uh Smoggy LLC
lay I. Modes
Steve Olson
Dennis Sandie

.4.





s

9

A Duke Energy Cwnpany

duke
her y _

NortgAmerIcaw

If you have any questions, please  ca ll Chet Vesey a t (928) 718-0102 ext. 227, or Jay
Modes a t (602) 604-2106.

Fina lly, Pe te r Ka le ta , P .E., Engineering Manager, Mohave  County Water Division
reports  tha t the  tota l Griffith P roject wa te r use  for 2001 was just under 370 million ga llons
(369,667,000) or s lightly over one  million ga llons per day, average .

As the  certified engineer's report sta tes, there  has been no subsidence of the
benchmark monument since  insta lled in November of 1998.

As required unde r conditions  4 and 5 of Griffith Ene rgy LLC's  Ce rtifica te  of
Environmenta l Compa tibility, enclosed a re  the  following: (1) S ubsidence  Monitoring
Report; and (2) a  graph depicting the  rea l time readouts of 2001 changes in depth to water
be low ground leve l in the  monitor we ll a t the  Mohave  County Griffith Well fie ld.

581.5 feet in March, 2001 to the 585.5 foot level in Ja11Uary'2002. -

Gentlemen2

Arizona Department of Water Resources
Attn: Mr. Gre g Wa lla ce , Chie f Hydrologis t
500 North Third S tree t
P hoe nix, AZ 85004

CC :

Subj act:

Bill Alke m a

Parftrner in

I

*€;8_'r§'.§8 D__*
fu - ; » I Ts ;

},530\"r'8:> s ad*

APR 2 9 wiz

Griffith Energy Projee"i'7RepoIt in Compliance  with Certifica te  of
Environmenta l Compa tibility Issued by the  Arizona  Corpora tion
Commiss ion

EVlahave @©unty'§ Fu'&ufr@

April 17, 2002
J

C t Vesey
Environmenta l Safe ty Manager
Griffith Ene rgy P roje ct

S i e l

OM
no

6

Administrative Office:
3003 N. Central Avenue
Suite 1250
Phoenix, AZ 85012
602-604-2186
fax: 602-604-2188

y,

r

=f h .- - W.-§w§4
8 9

go

Site Office:
3875 w. Navajo Drive

P.O. Box 3519
Kinsman, AZ 86401

928-718-0102
fax: 928-718-0727

1
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MOHAVE ENGINEERING AssociATes, INC.
CONSULTING CIVIL ENGINEERS & LAND SURVEYORS

Robert L. Scéhuetz P.E.
Vice President/ Engineering Mgr.

John A. Prof fit, P.E.
President

Thomas R. Christopher, R.L.S.
Vice President / Surveying Manager

March 25 20029

".2
I

`~

Mr. Chet Vasey,
Environmental safety Manager
Griffith Energy, L.L.C.
P.O. Box 3519
Kinsman, Arizona 86402

Dear Mr. Vesey,

I, Thomas R. Christopher, Land Surveyor
Registration No. 24514 hereby state the

in the State
following:

o f  A r i z o n a ,

That during the period ending March 15, 2002, Mohave Engineering
Associates, Inc., under mY direct supervision, completed a
differential level run from the National Geodetic Survey Eench
Mark designated as S 484, located in the Nor thwest quarter of
Section 18, Township 19 North, Range 17 West to the subsidence
Benchmark set by Mohave Engineering Associates, Inc. in November,
1998, located in the Southeast quai tar of the Southwest quarter
of section Io, Township 19 nor Rh, Range 18 West of the Gila and
Salt River Meridian, Mohave County, Arizona. ~

The results of this differential level circuit indicate that
there has been no subsidence or elevation change at the
Subsidence Monument from thetime the original level circuit
performed on November 20, 1998 and the current level circuit
completed on March 15, 2002.

was

R soectfully,

M
Thomas R. Christopher, R.L.S. 24514

(1
pa 44

24514
THOMAS R

0cl\o CHRISTOPHER :

2/#420495

ca

z.

'22
o
27

I

405 E Beale SI. Kinsman, AZ 86401 • ph. 928-753-2627 I FAX 928-758-9118
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A SCANA COMPANY A PF?IA/IESOUIH COMPANY

p.o. Bax 3519
Kinsman, AZ 8s4c2
(928)71 B-0102
Fax (928)718-0727

January 31, 2003

Arizona  Department of Water Resources
AM: Mr. Gre g Wa lla ce , Chie fly-Iydrologis t
500 No1"th Third Street
P hoe nix, AZ 85004

Subj act: Griffith Ene rgy P roject Report in Compliance  with Ce rtifica te  of
Environmenta l Compa tibility Issued by the  Arizona  Corpora tion
Commiss ion

Gentlemen:

AS  required unde r conditions  4 and 5 of Griffith Ene rgy LLC's  Ce rtifica te  of
Environmenta l Compa tibility, enclosed a re  die  following: (1) S ubs idence  Monitoring
Report; and (2) a  graph depicting the  rea l time readouts of 2002 changes in depth to water
be low ground leve l in monitor we ll no. 3 a t the  Mohave  County Griffith We ll fie ld.

As the certified engineer's report states, there has been no subsidence of the
benclnnark monument since installed in November of 1998.

The aquifer water level at the well field monitoring well maintained from
approximately 585Q7 feet on January 2, 2002 to the 586 foot level on December 31, 2002.

Finally, Peter Kaleta, P.E., Engineering Manager, Mohave County Water Division
reports that the total Griffith Project water use for 2002 was justmder 523 million gallons
for our first full year of operation (522,962,000).

If you have any questions, please call Chet Vesey at (928) 718-0102 ext. 227, or
myself at ext. 222,

acc: Jim Parker
Brenda Lens
Dan an St8ph¢Ds -
David s. Miller
Jay Moyes

\
.
l
I

I

Sincere ly,

Rex LaMew
Plant Manager
Griffith Energy Project

3375 VV. Navajo Dr. e Kinsman, AZ 88401

|  l . °~ b o n s a i  " ~ f = ~ .  - ~
4.



MOHAVE ENGINEERING AssoclATEs, INC.
- CONSULTING CIVIL ENGINEERS & LAND SURVEYORS

Robert L. Schuetz, P.E.
Vice President/ Engineering Mgr.

John A. Prof fit, P.E.
President

Thomas R. Christopher, R.L.S.
Vice President / Surveying Manager

">= \
..n,

January 23, 2003 'we +

|

'i. \.
"~.,';1\

»'g§Q' 9"{"i'§

1

*Mr. Che t Va se y,
Environmenta l S a fe ty Manager
Griffith Ene rgy, L.L.C.
P .O. Box 3519
Kinsma n, Arizona  86402

x\.
.4

,».¢¢¢»v» »J»=a¢¢¢¢=¢»=°'"=a- #4

,Gsw

Dear Mr. Ves ey,

I, Cra ig T. Micek, Land Surveyor in die  S ta te  of Arizona , Regis tra tion No. 31600 he reby
s ta te  die  following:

That during the  period from January 15 to January 20, 2003, Mohave  Engineering
Associa tes, Inc., under my direct supervision, comple ted a  diffe rentia l leve l run from the
Nationa l Geodetic Survey Bench Mark designa ted as S  484, loca ted in the  Northwest
quarter of Section 18, Township 19 North, Range  17 West to the  Subsidence  Benchmark
set by Mohave Engineering Associa tes, Inc. in November, 1998, located in the  SoUtheast
quarte r of the  Southwest quarte r of Section 10, Township 19 North, Range  18 West of the
Gila  and Sa lt Rive r Meridian, Mohave  County, Arizona .

The  results  of this differentia l leve l circuit indica te  tha t there  has been no subsidence  or
e leva tion change  a t the  Subsidence  Monument from the  time the  origina l leve l circuit was
performed on November 20, 1998 and the  current leve l circuit comple ted on January 20,

Re spe ctfully,

f> 1
6 vi ,r (

I
I

Cra ig T. Mice k, R.L.S . 31600
e

m
o
an

»

•
W mad I

8

* LAMp
&@Q`9'\CAT

°*' w *o 'JL
a1eo0 ,

CRAIG T.
MICEK

4, 1,5 .
. 44 ..

- : - 50n '

405 E. Beale St. • Kinsman, AZ 86401 I Ph. 928-753-2627 • FAX 928-753-9118
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1

PALMA.
A SCANA COMPANY

SM
A PRIMESOUTH COMPANY

P.O. Box 3519
Kinsman, AZ 86402
(928) 718-0102
Fax (928) 718~0727

January 27, 2004

Arizona  Department of Water Resources
Attn: Mr. Gre g Wa lla ce  - Chie f Hydrologis t
500 North Third S tree t
P hoenix, AZ 85004

Subj act: Griffith Ene rgy Environmenta l Compa tibility Report

Dea r Mr. Wallace ,

As required under conditions 4 and 5 of Griffith.Energy, LLC?s Certifica te  of
Environmenta l Compatibility, enclosed a re  the  following: (1) Subsidence  Monitoring
Report, (2) In-situ well linear da ta , and (3) a  graph depicting rea l time da ta  of 2003
changes in depth to water be low ground leve l in monitor well no. 3 a t the  Mohave
County Griffith we ll He ld.

The certified engineers report states, there has been no subsidence or elevation changes at
the  subsidence  monument from the  time the  origina l level circuit was performed on
November 20, 1998 .

The  graph, representing rea l time da ta , indica tes tha t groundwater in the  vicinity of well
nO. 3 has risen over the past year by approximately 4 feet. This iS  Probably due in part to
the  usage  of groundwater in 2003. Griffith Energy used 109,666,000 fewer ga llons than
from the previous year. P lease see the a ttached production well monthly usage table .

If you should have  any questions please  ca ll Brian Henderson, the  site  Safe ty &
Environmenta l Coordina tor, a t (928) 718-0102 ext. 227, or myself a t ext. 222.

S incere ly,

Re x La Me w
Plant Manager
Griffith Ene rgy P roj e t

Bre nda  Long
Darren Steve fs
J im Parker
Da vid S . Mille r

(h IpnImfsaarra..

Cc:

3375 W. Navajo Dr. • Kingman, AZ 88401
no :J II L
4:1448



IVIOHAVE ENGINEERING ASSOCIATES. INC
CONSULTING CIVIL ENGINEERS & LAND SURVEYOES

Joseph R. Leedy, P.E
Vice President / Engineering Mgr

Peter J. Prof fit. P.E
President

Thomas R. Christopher, R.L.S
Vice President / Surveying Manager

January 26, 2004

Mr. Brian Henderson
Environmental Safety Manager
G1iffithEnergy , L.L.C
P.O. Box 3519
Kinsman, Arizona 86402

Dear Mr. Hende rson

I
state the following
, Cra ig T. Micek, Land Surveyor 'm the  S ta te  of Arizona , Registra tion No. 31600 hereby

During the period from January 16, 2004 to January 26, 2004, Mohave Engineering _
Associates, Inc., under my direct supervision, has completed a differential level run from
the National Geodetic Survey Bench Mark designated as S 484, located in the North
West quarter of Section 10, Township 19 North, Range 18 West of the Gila and Salt
River Meridian, Mohave County, Arizona

The results of this differential level circuit indicate that there has been no subsidence or
elevation change at the Subsidence Monument from the time die original level circuit was
performed on November 20, 1998 and the current level circuit completed on January 26

Re spe ctfully

Cra ig T. Mice k
R.L.S . 31600 CRAEG T.

MKZEK \d

405 E. Beale ST. • Kinsman, AZ 86401 I Pp. 928-753-2627 I FAX 928-753-9118
www.mohave-enaineerinn rtnm

I I I I lll_l Il--
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2003 Monthly Water Usage - Griffith Power Plant - Griffith Well #3

Month Gallons

Jan-08
Feb-03
Mar-03
APr-03
May-03
Jun-03
Jul-03

Aug-03
Sép-03
Oct-03
Nov-03
Dec-03

3,471 ,000
20,431 ,000
3,220,000

10,282,000
33,205,000
43,017,000
81 ,296,000
83,867,000
62,375,000
60,481 ,000
9,353,000
2,298,000

Total 2003 Usage: 413,296,000

2002 Monthly Water Usage - Griffith Power Plant - Griffith Well #3

Month Gallons

Lian-02
Feb-02
Mar-02
Apr-02

May-02
Jun-02
Jul-02

Aug-02
Sep-02
Oct-02
Nov-02
Dec-02

21 ,574,000
45,932,000
36,848,000
30,323,000
22,515,000
71 ,475,000
78,456,000
75,958,000
56,920,000
26,193,000
27,897,000
28,771 ,000

Total 2002 Usage: 522,962,000

Griffith Energy used 109,666,000 fewer gallons than from the previous year.
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9 8 8'
A SCAN/4 COM,==AAtY

O. Box 35
Kmcn aft. AZ 85402

28) 7'l 8-m02
(928) 18-8727

-9.91514 CO/L4

January 10, 2005

Arizona  Deparhnent of Water Resources
Acta : Mr. Greg Wallace  .- Chie f Hydrologis t
500 NoI'th Third S tree t
P hoe nix. AZ 85004

Sulbj act Griffith Energy Environmental Compatibility Report

Dear Mr. Wallace

As required under conditions 4 and 5 of Gdfiith Energy, LLC"s Certificate of
Environmental Compatibility, we have enclosed the following: (1) Subsidence
Mooitodng Report (2) Monthly water usage with associated graph and comparative
information for Well # 3 at the Mohave County well field

November 20,
48,583,000 fewer gallons than from the previous year

The certhlied engineers report sthNnes, there has been no subsidence or elevation changes at
the subsidence monunienf firm the time the 'original level circuit was performed on

1998. The monthly "my usage data indicates that Gufiith Energy used

Regrettably, real-time water level data in not available due to an electronic data logger
failure. The data logger unit has been sent to the maNufacturer for repair and will be back
in-service vv1'thi11 January, 2005

If you should have any questions please call Brian Henderson, the site Safety &
ENvironmental Coordinator, at (928) 718-0102 ext. 227, or myself at ext. 222

Siniberely

R e x La Me d
P lant Manage r
Gxiifith Ene rgy P roject

Cc: David A. Gillespie
Charles Baker
Brenda Long
David S. Miller Filer 404-080_56

Sara vv. navaio Ur. * iimuman

1119 :men

l5Q4u'!
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2282 Stockton HiH Road Ste A
KINGMAN, AZ. 88401
928=753T2S2̀ {
928353-9118 (FAX)

December 6, 2004

Mr.. Brian Henderson
Environmental Safety manager
Griffith Energy
PO Box 3519
Kinsman, AZ 86402

Dear Mr. Henderson:

I, Craig T. Micek, Land Surveyor in the State of Arizona, Registration no. 31600
hereby state the following:

I

That during the period from November23 to November 29, 2004, Mohave
Engineering Associates, Inc., under my direct supervision, completed a
differential level run from the National Geodetic Survey Bench .Mark designated
as S 484, located in the Northwest quarter of Section 18, Township 19 North,
Range 17 West to the SUbsidence Bench Mark set by Mohave Engineering
Associates, Inc. in November, 1998, located in theSoutheast quarter of the
Southwest quarter of Section 10/ Township 19 North, Range 18 West of the Gila
and Salt River Meridian, Mohave County, Arizona. .

The results of this differential level circuit indicate that there ~has been no .
subsidence or elevation change at the Subsidence MonuMent from the time the

original level circuit was performed on November 20, 1998 and the current level

circuit completed on November 29, 2004. ,f

RespectfLiIly,

Craig T. Micek, R.L.s, 31600

F'

31890
T.
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2003 Monthly Water Usage - Griffith Power Plant

Month Gallons

Jan-03
Feb-03
Mar-03
Apr-03
May-03
Jun-03
Jul-03
Aug-03
Sep-03

Nov-03
Dec-03

3.471 .000
20.431 .000
3.220.000

10,282,000
33,205,000
43.017000
81296.000
83,857,000
62,375,000
60.481 .too
9.353.000
2298.000

Total 2003 Usage
Ave 2003 Usage

413,296,008 gas/year
47,149 gal/hr

gal/min

2004 Monthly Water Usage - Griffith Power Plant

Month Gallons

Jan-04
Feb-04
Mar-04
Apr~04

May-04
JuN-04
J u L y

Aug-04
Sep-04
Oct-O4
Nov-04
Dec-04

13.675000
27.805000
11 .606.000
9,524,000

43,4M,.000
52.423,000
80.363000
79,090,000
35,012,000
9.862.000

241 .000
1.668.000

Total 2004 Usage
Ave 2004 Usage

364,713,000 gal/yr
41,606 gal/hr

gal/hr

Griffith Energy used 48,583,000 fewer gallons than from the previous year
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PRIMESOU TILSM
A SCANA COMPANY

PALMAIIKSM
A PH/MESOUTH COMPANY

p_o. Box 3519
Kingman, AZ 86402
(928) 718-0102
Fax (928) 718-0727

January 26, 2006

s
Arizona Department of Water Resources
Attn: Mr. Gre g Wa lla ce  - Chie f Hydrologis t
500 North Third S tree t
P hoenix, AZ 85004

Subject: Griffith Ene rgy Environmenta l Compa tibility Report

Dea r Mr. Wallace ,

As required unde r conditions  4 and 5 of Griffith Ene rgy, LLC's  Certifica te  of
Environmenta l Compatibility, we  have  enclosed the  following: (I) Subsidence
Monitoring Report, (2) Monthly wate r usage  with associa ted graph and compara tive
infonna tiOn for Well # 3 a t the  Mohave  County we ll fie ld.

The certified engineers report states, there has been no subsidence or elevation changes at
the  subsidence  monument from the  time the  origina l leve l circuit was performed on
November 20, 1998. The  monthly water usage  da ta  indica tes tha t Griffith Energy used
80,268,000 fewer ga llons than from the  previous year.

If you should have  any questions please  ca ll Brian Henderson, the  site  Safe ty &
Environmenta l Coordina tor, a t (928)718-0102 ext. 227, or myse lf a t ext. 222.

S incere ly,

94m%2
Re x La Me w
Plant Manager
Griffith Ene rgy P roject

Da vid A. Gille spie
Charles Baker
Bre nda  Long

File: 404-080-56

e

I

( p -

Cc:

3375 W. Navajo Dr. • Kinsman, AZ 86401
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January 25, 2006

Mr. Brian Henderson
Environmental Safety Manager
Grinch Energy
P.O-. Box 3519
Kingman, AZ 86402

Dear Mr. Henderson

I, Justin Wright, Land Surveyor in the State of Arizona, Registration No. 43351, hereby state the
following

That during the period from December 6, 2005 to December 7, 2005, Mohave Engineering
Associates, Inc., under my direct supervision, completed a differential level run from the National
Geodetic Survey Bench Mark designated as S 484, located in the Northwest quarter of Section 18
Township 19 North, Range 17 West to the Subsidence monuments located . on the Brine Pond dam
on the Griffith Energy property located in the southeast quarter, Section 6, Township 19 N, Range
17 West of the Gila and Salt River Meridian, Mohave County, Arizona

The results of this differential level circuit indicate that there has been no subsidence or elevation
change at the Subsidence Monument from the time the original level circuit was performed on
August, 2001 and the current level circuit completed on December 7, 2005

Respectfully

'¢i"":
4aas1

s. JUSTIN
WRIGHT MM

'x

Justin Wright, R.L.S. 43351

CIVIL ENGINEERING . LAND SUFXVEVING . MATERIALS TESTING . SPECIAL INSPECTIONS
2202 Stockton Hill Road Suite A - Kingman, AZ 86401 . TEL 928-753-2627 . FAX 928-753~9118 . www.mohave-englneering.com

HH W N 1111111111-111-
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Monthly Water Usage - Griffith Energy Power Plant

Month Mon ff Gallons

Jan-05
Feb-05
Mar-05
Apr-05

MaY-05
Jun»05
Jul-05

AUQ*05
Sep~05
Oct-05
Nov-05
DeC-05

1.785.000
1.496.000
3.143.000

937.000
1,075,000

41 .748.000
88.589.000
84,769,000
27,631,000
3.566.000
7.257.000

22.449.000

Jan~04
Feb-04
Mar-04
Apr-04

May-04
Jun-04
JUl-04

Aug-04
Sep-04
Oct-04
NOv-04
Dec-04

13.675.000
27.805.000
11 .606.000

9,524,000
43,444,000
52_423_000
80.363.000
79,090,000
35,012,000
9.862.000

241 .000
1 .668.000

364.713.000 GALLONS284.445.000 GALLONS

779.301 GPD 996.484 GPD

Girth Energy used 80,268,000 fewer gallons than from the previous year





988 ESDIITH PALMABKA SCANA COMPANY A PRIMESOUTH COMPANY
P.O. Box 351 g
Kinsman, AZ 86402
(928) 718-0102
Fax (928) 718-0727

January 10, 2007

Arizona Department of Water Resources
Attn: Mr. Greg Wallace - Chief Hydrologist
500northTmrd Street
Phoenix. AZ 85004

Suhiect: GriffithEnergy EnvironmentalCompatibilityReport

Dear Mr. Wallace ,

Asrequiredunder conditions 4 and 5 of Griffith Energy, LLC's Certificate of
Environmental Compatibility, we have enclosed the following: (1) Subsidence
Monitoring Reports; (2) Monthly water usage for Well #3 at theMohave County well
Held;and(3) Water table data with graphical representation.

The certified engineers report states, there has been no subsidence or elevation changes at
the subsidence monument from the time the original level circuit was performed on
November 20, 1998.

If you should have any questions please call Brian Henderson, the site Safety &
Environmental Coordinator, at (928)718-0102 ext. 227, or myself at ext. 222.

Sincerely,

4 o<3 f'U~
Rex LaMew
Plant Manager
Griffith Energy Prqiect

J im Hinrichs
Brenda Long

File: 404-080-56

Cc:

3375 vv. Navajo Dr. Kinsman, AZ 86401



uuv-Lu- LUUU L-QIGYM munAvu tNG!NthHlNG ASOCIATES INC N0.8899 P-  3

MQHAWE
8eemz»n@
Qcwas. mc, CIVIL ENGINEERING • LAND SURVEYING

Novémber21. 2006

Mr. Brian Henderson
Environmental Safety Manager
Griffith Energy
P.O. Box 3519
Kinsman; AZ 86402

Dear Mr Henderson:

I. Tom Christopher. LandSurveyor in the State of Arlzona, Registration No. 24514 hereby state the following:

That during the period from November 03 2006 to NoveMber 07, 2006. Mohave Engineering Associates, Inc..
under my direct supewlslon, completed a differential level run from National GeOdetic Survey Bench mark
designated as S 484, located In the Northwest quarter of Section 18, Township 19 North, Range 17 West to
Subsidence monuments located on the Brine pond dam on the Griffith Energy property located In the Southeast
quarter Section B, Townshlp 19 N, Range 17 West of the Gila and Salt River Meridian. Mohave County, Arizona

The results of this differential level circuit Indicate that there has been no subsidence or elevation changeat the
Subsldenoe Monument from the time the original level circuit was performed on August. 2001 and the current
levelcircuit oompfeted on November 07. 2006.

Respectfully,

/ Q M
<~ *o

o 24514a _

m

4 .

Tom Christopher. R L S 24514

o
:J

,ulz7/"z

J:\2006\06-557\L!r ka Brian Henderson Gli1Eth Energy.doc

2202 Stockton Hill Road - Suite A_- Kinsman, AZ 86401
Tel Q9g_7Qq_ggQ7 A :Av oaa-7n4.o44a - \l¥\AI\!l mnknun



Monthly water usage - Griffith Power Plant

2006
Month Gallons

Jan-06
Feb-06
Mar-06
Apr-06

MaY-06
Jun-06
Jul-06

Aug-06
Sep-06
Oct-06
Nov-06
Dec-06

1,696,000
706,000
666,000

1,485,000
320,000

7,128,000
37,712,000

101,325,000
86,280,000
78,776,000
53,232,000
42,667,000

411,993,000 GALLONS

1,128,748 GPD





Date and Time
amp. t. o
Water ab.

Transd.
4/11/200s.15312;46 0
4/12/200615:00100 189
4/13/2006 15200200 189
4/14/2006 15:00:00 189
4/15/2006 15:00:00 189
4/16/2006 15:00:00 189
4/17/2006 15:00:00 189
4/18/200615:00:00 189
4/19/2006 15200200 189
4/20/2006 15200200 189
4/21/2006 15:00:00 189
4/22/2005 15200200 188
4/23/2006 15:00I00 188
4/24/2006 15200300 189
4/25/2006 15:00:00 189
4/26/200515200200 189
4/27/2006 15:00:00 189
4/28/2006 15200200 189
4/29/2006 15:00:00 189
4/30/2006 15200:00 189
5/1/200615:00:00 189
5/2/2005 15:00:00 189
5/3/2006 15200200 189
5/4/2006 15:00:00 189
5/5/2006 15100200 189
5/6/2006 15100100 189
5/7/2006 15:00:00 189
5/8/2006 15:00:00 189
5/9/2006 15:00:00 189
5/10/2006 15200300 189
5/11/2006 15100200 189
5/12/2006 15200200 189
5/13/2006 15200200 189
5/14/2006 15200200 189
5/15/2006 15200100 189
5/16/2006 15:00:00 189
5/17/2006 15:00200 189
5/18/2006 15:00:00 189
5/19/2006 15:00:00 189
5/20/2006 15:00:00 189
5/21/2006 15:00:00 189
5/22/2005 15:00:00 189
5/23/200615300200 189
5/24/2006 15200200 189
5/25/2006 15200:00 189
5/26/2006 15100200 188
5/27/2006 15:00:00 189
5/28/2006 15:00:00 189
5/29/2006 15:00:00 189

Zero calibration check and does not represent aquifer level.



5/30/2006 15200200 189
6/1/2006 15:00:00 189
6/2/2006 15200:00 189
6/3/2006 15:00:00 188
6/4/2006 15200200 189
6/5/2006 15:00Z00 189
6/6/2006 15:00:00 189
6/7/2006 15:00:00 189
6/8/2006 15:00:00 189
6/9/2005 15z00:00 189
6/10/2006 15200100 189
6/11/2006 15:00:00 189
6/12/2006 15:00:00 189
6/13/2006 15:00:00 189
6/14/2006 15:00:00 189
6/15/2006 15:00100 189
6/16/2005 15:00:00 189
6/17/2006 15:00:00 189
6/18/2006 15100200 189
6/19/2006 15:00:00 189
6/20/2005 15:00:00 189
6/21/2006 15:00:00 189
6/22/2006 15:00:00 189
6/23/2006 15200200 189
6/24/2006 15:00100 189
6/25/2005 15200100 189
6/26/2006 15100200 189
6/27/2006 15200200 189
6/28/2006 15200200 189
6/29/2006 15200200 189
6/30/2006 15:00:00 189
7/1/2005 15100200 189
7/2/2006 15200200 189
7/3/2006 15:00:00 189
7/4/2006 15800:00 189
7/5/2006 15:00:00 189
7/6/2006 15200200 188
7/7/2006 15:00:00 188
7/8/2006 15:00:00 189
7/9/2006 15200200 189
7/10/2006 15100100 189
7/11/2006 15:00:00 189
7/12/2006 15:00:00 189
7/13/2006 15200200 189
7/14/2005 15:00:00 189
7/15/2006 15:00:00 189
7/16/2006 15:00:00 189
7/17/2006 15200300 189
7/18/2006 15:00:00 189
7/19/2006 15:00:00 189
7/20/2005 15200100 189
7/21/2006 15:00:00 189



7/22/2006 15300100 189
7/23/2006 15:00:00 189
7/24/2006 15:00:00 189
7/25/2006 15:00:00 189
7/26/2006 15200200 189
7/27/2006 15:00:00 189
7/28/2006 15:00:00 189
7/29/2006 15:00:00 189
7/30/2006 15:00:00 189
7/31/2006 15:00:00 189
8/1/2005 15200:00 189
8/2/2006 15200300 189
8/3/2006 15:00:00 189
8/4/2006 15:00:00 189
8/5/2006 15:00:00 189
8/6/2006 15200200 189
8/7/2006 15:00:00 189
8/8/2006 15200100 189
8/9/2006 15300200 189

8/10/2006 15:00:00 189
8/11/2006 15:00:00 189
8/12/2006 15:00:00 189
8/13/2008 15:00:00 189
8/14/2006 15:00:00 189
8/15/2006 15200200 189
8/16/2006 15:00:00 189
8/17/2006 15200200 189
8/18/2006 15:00:00 189
8/19/2006 15:00200 189
8/20/2006 15:00:00 188
8/21/2006 15200200 188
8/22/2006 15200200 189
8/23/2006 15I00:00 188
8/24/2006 15:00:00 189
8/25/2008 15:00:00 189
8/26/2005 15200200 189
8/27/2006 15100:00 188
8/28/2006 15:00:00 188
8/29/2006 15300200 189
8/30/2008 15100:00 189
8/31/2006 15:00:00 189

9/1/2006 12:00:00 47

9/2/2006 12:00:00 188
9/3/2006 12:00:00 188
9/4/2006 12200200 188
9/5/2005 12:00:00 188
9/6/2006 12:00:00 188
9/7/2006 12200200 188
9/8/2006 12200200 189

Data logger removed for cleaning and
calibration verification. This reading was
from testing. It does not represent aquifer
level



9/9/2006 12:00:00 189
9/10/2006 12:00:00 188
9/11/2006 12:00:00 188
9/12/2006 12:00:00 188
9/13/2008 12:00:00 188
9/14/2006 12:00:00 188
9/15/2006 12:00:00 188
9/16/2006 12200200 188
9/17/2006 12200200 188
9/18/2006 12:00:00 188
9/19/2006 12300100 188
9/20/2006 12:00:00 189
9/21/2008 12200100 189
9/22/2006 12200300 188
9/23/2006 12300200 188
9/24/2006 12:00:00 188
9/25/2006 12:00:00 188
9/26/2006 12:00:00 188
9/27/2006 12300:00 189
9/28/2006 12100200 188
9/29/2008 12:00:00 188
9/30/2006 12300200 189
10/1/2006 12200200 189
10/212005 12:00:00 189
10/3/2006 12:00:00 188
10/4/2008 12:00:00 188
10/5/2006 12:00:00 189
10/6/2006 12:00:00 187
10/7/2006 12:00:00 187
10/8/2006 12:00:00 188
10/9/2006 12200200 188
10/10/2006 12100300 189
10/11/2006 12:00:00 187
10/12/2006 12200200 188
10/13/2006 12:00:00 187
10/14/2006 12:00:00 187
10/15/2006 12:00:00 187
10/16/2006 12200200 188
10/17/2006 12300300 188
10/18/2006 12200200 188
10/19/2006 12200200 188
10/20/2006 12:00:00 188
10/21/2006 12:00:00 188
10/22/2006 12:00:00 188
10/23/2006 12200300 188
10/24/2006 12:00:00 188
10/25/2006 12:00:00 188
10/26/2008 12100100 187
10/27/2006 12:00:00 187
10/28/2006 12200300 188
10/29/2008 12:00:00 188
10/30/2006 12200200 188

3
3
4

i

1
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Evalua tion of the  Pumping Impact of the  Northern Arizona  Energy
Proj act (NAEP) on the Mohave County Water System Well Field
and the  Sacramento Valley Aquifer, Mohave County, AZ, prepared
by Southwes t Ground-water Consultants , Inc. (Submitted under
separate  binding)





ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY

AIR QUALITY CLASS I PERMIT

COMPANY
FACILITY
PERMIT #
DATE ISSUED
EXPIRY DATE

Northern Arizona Energy, LLC
Northern Arizona Energy Project
43801
Draft

S UMMARY

This operating permit is issued to Northern Arizona Energy, LLC the Pennittee, for the operation a gas-fired
peaking power generation plant. The facility will be located approximately 3 miles north of Griffith Interchange
on Interstate 40 in Mohave County, Arizona. The Northern Arizona Energy Project (NAEP) will intercorlrlect
with die Western Area Power Administration (WAPA) transmission system at the Griffith Switchyard. The
project location is in an area designated as attainment for all criteria pollutants

The project is designed to serve peak load requirements of customers in Mohave County and surrounding regional
load centers. The project will be constructed in a phased manner, and at full capacity, the project will have four
(4) combustion turbine generators (CTG), 48 MW each. The CTGs will be fired exclusively on natural gas and
will use water injection systems to control nitrogen oxide (NOt) emissions. In addition, a selective catalytic
reduction (SCR) system will be used to further reduce NOt emissions, and oxidation catalyst will be used to
reduce carbon monoxide (CO) and volatile organic compound (VOC) emissions. Each CTG will also be
equipped wide a SPRINT (SPRay INTercooling) system to enhance turbine efficiency and preserve peak output
during the hottest ambient temperate days. A chiller system will be utilized to cool the incoming air to improve
turbine efficiency. Other auxiliary equipment include air filter, chiller coils, water treatment equipment, natural
gas compressors, transformers and water storage tanks

Due to the proposed common management of NAEP and Griffith Energy (operating under a Class I Title V
permit) and location on contiguous property, the operations at NAEP and Griffith Energy have been evaluated as
a single "stationary source". At the request of the Permitted, a separate Class I Title V Permit is being issued for
the facility. NAE has proposed voluntary emission limitations with pollution controls (water injection and SCR
for control of nitrogen oxides, and oxidation catalyst for control of carbon monoxide emissions) to ensure that the
emissions from the facility remain below significance levels. Thus, the NAE operations will not be subject to
New Source Review (NSR)

Continuous emissions monitoring systems (CEMS), fuel flow monitoring, and data acquisition and handling
systems (DAHS) will be utilized to demonstrate compliance with applicable NOt and CO emission limitations for
CTGs, including New Source Performance Standards (NSPS) Subpart KKKK (NOx and SOn) and synthetic minor
limitations (NOt, CO, SO2 VOCs, and PM10)

This permit is issued in accordance with Title 49, Chapter 3 of Arizona Revised Statutes. All definitions, terms
and conditions used in this permit conform to those in Arizona Administrative Code (A.A.C.) R18-2-101 et. seq
and Title 40, Code of Federal Regulations (CFR), except as otherwise defined in this permit. Unless noted
otherwise, references cited in the permit conditions refer to the A.A.C. All material permit conditions have been
identified within the penni by underline and italics. All terms and conditions in this permit are enforceable by
the Administrator of the United States Environmental Protection Agency (U.S. EPA), except for those terms and
conditions that have been designated as "State requirements

P e rm it  No . 43801 Page I Q June 14.2007
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DRAFT

ATTACHMENT ¢¢A": GENERAL PROVISIONS

Air Quality Contro l Permit No . 43801
fo r

Northern  Arizona Energy, LLC

1 . PERMIT EXPIRATION AND RENEWAL [ARS §49-426.F, A.A.C. R18-2~304.C.2, and -306.A.1]

A. This permit is valid for a period of five years from the date of issuance.

B. The Permitted shall submit an applica tion for renewal of this permit a t least 6 months, but not
more than 18 months, prior to the date of permit expiration.

1 1 . COMPLIANCE WITH PERMIT CONDITIONS [A.A.C. R18-2-306.A.8.a and b]

A. The  P e rm itte e  s ha ll com ply with  a ll conditions  of th is  pe rm it inc luding a ll a pplica ble
requirements of the Arizona air quality statutes and air quality rules. Any permit noncompliance
constitutes a violation of the Arizona Revised StatUtes and is grounds for enforcement action, for
pe rmit te rmina tion, revoca tion and re issuance , or revis ion, or for denia l of a  pe rmit renewal
application. In addition, noncompliance with any federally enforceable requirement constitutes a
viola tion of the  Clean Air Act.

B. It shall not be a defense for a Pennittee in an enforcement action that it would have been
necessary to halt or reduce the permitted activity in order to maintain compliance with the
conditions of this permit.

III. PERMIT REVISION, REOPENING, REVOCATION AND REISSUANCE, OR TERMINATION
FOR CAUSE [A.A.c. R18-2-306.A.8.c, -321.A.1, and -321.A.2]

A. The permit may be revised, reopened, revoked and reissued, or terminated for cause. The filing
of a request by the Permittee for a permit revision, revocation and reissuance, termination, or of a
notification of planned changes or anticipated noncompliance does not stay any permit condition.

B. The permit shall be reopened and revised under any of doe following circumstances

Additional applicable requirements under the Clean Air Act become applicable to the
Class I source. Such a reopening shall only occur if there are three or more years
remaining in the permit term. The reopening shall be completed no later than 18 months
after promulgation of the applicable requirement. No such reopening is required if the
effective date of the requirement is later than the date on which die permit is due to
expire, unless an application for renewal has been submitted pursuant to A.A.C. Rl 8-2-
322.B. Any permit revision required pursuant to this subparagraph shall comply with the
provisions in A.A.C. R18-2-322 for permit renewal and shall reset die five-year permit
term.

Additional requirements, including excess emissions requirements, become applicable to
an affected source under the acid rain program. Upon approval by the Administrator,
excess emissions offset plans shall be deemed to be incorporated into the Class I permit.

3. The Director or the Administrator determines that the permit contains a material mistake
or that inaccurate statements were made in establishing the emissions standards or other
terms or conditions of the permit.

Permit No. 43801

2.

1 .
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DRAFT
The Director or the Administrator determines that die permit needs to be revised or
revoked to assure compliance with the applicable requirements.

c. Proceedings to reopen and reissue a permit, including appeal of any final action relating to a
permit reopening, shall follow the same procedures as apply to initial penni issuance and shall,
except for reopenings under Condition III.B.1 above, affect only those parts of the permit for
which cause to reopen exists. Such reopenings shall be made as expeditiously as practicable.
Permit reopenings for reasons other than those stated in Condition lII.B.l above shall not result in
a resetting of die five-year permit term.

Iv. POSTING OF PERMIT [A.A.C. R18-2-315]

A. The Permitted shall post this permit or a certificate of pernlit issuance where the facility is located
in such a  manner as to be  clearly visible  and accessible . All equipment covered by this permit
shall be clearly marked with one of the following:

Current permit number, or

2. Serial number or other equipment ID number that is also listed in the permit to identify
that piece of equipment.

B. A copy of the complete permit shall be kept on site.

v. FEE PAYMENT [A.A.C. R18-2-306.A.9 and -326]

VI. ANNUAL EMISSION INVENTORY QUESTIONNAIRE [A.A.C. R18-2-327.A and B]

A. The Permitted shall complete and submit to the Director an annual emissions inventory
questionnaire. The questionnaire is due by March 31st or ninety days after the Director makes
the inventory form available each year, whichever occurs later, and shall include emission
information for the previous calendar year.

B. The questionnaire shall be on a form provided by the Director and shall 'include the information
required by A.A.C. R18-2-327.

VII. COMP LIANCE CERTIFICATION [A.A.C. R18-2-309.2.a, -309.2.c-d, and -309.5.d]

A. The Permitted shall submit a compliance certification to the Director semiannually, which
describes the compliance status of the source with respect to each permit condition. The first
certification shall be submitted no later than May 15"', and shall report the compliance status of
the source during the period between October IS of the previous year and March 31st of the
current year. The second certification shall be submitted no later than November 15"', and shall
report the compliance status of the source during the period between April is' and September 30"'
of the current year.

The compliance certifications shall include the following:

Identification of each term or condition of the permit that is the basis of the certification;

2. Identification of the methods or other means used by the Permittee for determining the
compliance status with each term and condition during the certification period,

Permit No. 4380]
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The  s ta tus  of compliance  with the terms a nd conditions  of the  pe rmit for the  pe riod
cove re d by the  ce rtifica tion, including whe the r complia nce  during the  pe riod wa s
continuous or inte rmittent. The  certifica tion sha ll be  based on the  methods or means
designated in Condition VII.A.2 above . The  certifica tions sha ll identify each devia tion
and take it into account for consideration in the compliance certification

For emission units subject to 40 CFR Part 64, the certification shall also identify as
possible exceptions to compliance any period during which compliance is required and in
which an excursion or exceedance defined under 40 CFR Part 64 occurred

All ins tances  of devia tions  from penni requirements  reported pursuant to Condition
XII.B of this Attachment; and

Other facts the Director may require to determine the compliance status of the source

A copy of all compliance certifications shall also be submitted to the EPA Administrator

If any outstanding compliance schedule exists, a progress report shall be submitted with the semi
annual compliance certifications required in Condition VII.A above

VIII. CERTIFICATION OF TRUTH. ACCURACY AND COMPLETENESS [A.A.C. R18-2-304.H]

Any document required to be submitted by this permit, including reports, shall contain a certification by a
responsible official of truth, accuracy, and completeness. This certification shall state that, based on
information and belief formed alter reasonable inquiry, the statements and information in the document
are true, accurate, and complete

INSPECTION AND ENTRY [A.A.C. R18-2-309.4]

Upon pre se nta tion of prope r cre de ntia ls , the  P e rmitte e  sha ll a llow die  Dire ctor or the  a uthorize d
representative of the Director to

Enter upon the Pennittee's premises where a source is located, emissions-related activity is
conducted, or where records are required to be kept under die conditions of the permit

Have access to and copy, at reasonable times, any records that are required to be kept under the
conditions of the permit

Inspect, at reasonable times, any. facilities, equipment (including monitoring and air pollution
control equipment), practices, or operations regulated or required under the permit

Sample or monitor, at reasonable times, substances or parameters for the purpose of assuring
compliance with the permit or other applicable requirements; and

Record any inspection by use of written, electronic, magnetic and photographic media

PERMIT REVISION
STANDARD

PURSUANT TO FEDERAL HAZARDOUS AIR POLLUTANT
[A.A.C. R18-2-304.C]

If this source becomes subject to a standard promulgated by the Administrator pursuant to Section 1 l2(d)
of the Act. then the Permittee shall. within twelve months of the date on which the standard is
promulgated, submit an application for a penni revision demonstrating how the source will comply with
the standard
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XI. ACCIDENTAL RELEASE PROGRAM [40 CFR Pan 68]

If dies source becomes subject to the provisions of 40 CFR Part 68, then the Permittee shall comply with
these provisions according to the time line specified in 40 CFR Part 68.

XII. EXCESS EMISSIONS, PERMIT DEVIATIONS, AND EMERGENCY REPORTING

A. Excess Emissions Reporting [A.A.C. R18-2-310.01 .A and -310.01 B]

1. Excess emissions shall be reported as follows:

The Permitted shall report to the Director any emissions in excess of the limits
established by this permit. Such report shall be in two parts as specified below:

(1) Notification by telephone or facsimile within 24 hours of the time when
the Permitted first  learned of the occurrence of excess emissions
including all available information from Condition XII.A. l .b below.

(2) Detailed written notification by submission of an excess emissions report
within 72 hours of the notification pursuant to Condition XII.A.l.a.(1)
above.

b. The report shall contain the following information:

(1) Identity of each stack or other emission point where the excess emissions
occurred,

(2) Magnitude of the excess emissions expressed in the units of the
applicable emission limitation and the operating data and calculations
used in determining the magnitude of the excess emissions;

(3) Date, time and duration, or expected duration, of the excess emissions,

(4) Identity of the equipment from which the excess emissions emanated;

(5) Nature and cause of such emissions,

(6) If the excess emissions were the result of a malfunction, steps taken to
remedy the malfunction and the steps taken or planned to prevent the
recurrence of such malfunctions, and

(7) Steps taken to limit the excess emissions. If the excess emissions
resulted from start-up or malfunction, the report shall contain a list of the
steps taken to comply with the permit procedures.

In the case of continuous or recurring excess emissions, the notification requirements of
this section shall be satisfied if the source provides the required notification otter excess
emissions are first detected and includes in such notification an estimate of the time the
excess emissions will continue. Excess emissions occurring after the estimated time
period, or changes in the nature of the emissions as originally reported, shall require
additional notification pursuant to Condition XII.A.1 above. [A.A.C. R18-2-310.0l.C]
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Per nit Deviations Reporting [A.A.C. R18-2-306.A.5.b]

The Pennittee shall promptly report deviations from permit requirements, including those
attributable to upset conditions as defined in the permit, the probable cause of such deviations
and any corrective actions or preventive measures taken. Prompt reporting shall mean that the
report was submitted to the Director by certified mail, facsimile, or hand delivery within two
working days of the time when emission limitations were exceeded due to an emergency or
widiin two working days of the time when the owner or operator first learned of the occurrence of
a deviation from a permit requirement

Emergency Provision [A.A.C. Rx8-2-306.E]

An "emergency" means any situation arising from sudden and reasonable unforeseeable
events beyond the control of the source, including acts of God, that require immediate
corrective action to restore normal operation, and dirt causes the source to exceed a
technology-based emission limitation under the permit, due to unavoidable increases in
emissions attributable to the emergency. An emergency shall not include noncompliance
to the extent caused by improperly designed equipment, lack of preventative
maintenance, careless or improper operation, or operator error

An emergency constitutes an affirmative defense to an action brought for noncompliance
with such technology-based emission limitations if Condition XII.C.3 is met

The affirmative defense of emergency shall be demonstrated through properly signed
contemporaneous operating logs, or other relevant evidence that

An emergency occurred and that the Permittee can identify the cause(s) of the
emergency

The permitted facility was being properly operated at the time

During the period of the emergency, the Permittee took all reasonable steps to
minimize levels of emissions that exceeded the emissions standards or other
requirements in the permit; and

The Permitted submitted notice of the emergency to the Director by certified
mail, facsimile, or hand delivery within two worldng days of the time when
emission limitations were exceeded due to the emergency. This notice shall
contain a description of the emergency, any steps taken to mitigate emissions
and corrective action Men

In any enforcement proceeding, the Permittee seeking to establish the occurrence of an
emergency has the burden of proof

This  provis ion is  in a ddition to a ny e me rge ncy or upse t provis ion conta ine d in a ny
applicable requirement

Compliance Schedule [ARS §49-426.I.5]

For any excess emission or penni deviation that cannot be corrected within 72 hours, the
Permittee is required to submit a compliance schedule to the Director within 21 days of such
occurrence. The compliance schedule shall include a schedule of remedial measures, including
an enforceable sequence of actions with milestones, leading to compliance with the permit terms
or conditions that have been violated
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Affirmative Defenses for Excess Emissions Due to Malfunctions, Startup, and Shutdown

[A.A.C. R18-2-310]

Applicability

This rule establishes affirmative defenses for certain emissions in excess of an emission
standard or limitation and applies to all emission standards or limitations except for
standards or limitations

Promulgated pursuant to Sections 111 or 112 of the Act

b Promulgated pursuant to Titles W or VI of the Clean Air Act

Contained in any Prevention of S ignificant Deteriora tion (PSD) or New Source
Review (NSR) permit issued by the U.S. EPA

Contained in A.A.C. R18-2-715.F: or

Included in a permit to meet the requirements of A.A.C. R18-2-406.A.5

Affirmative Defense for Malfunctions

Emiss ions  in e xce ss  of a n a pplica ble  e miss ion limita tion due  to ma lfunction sha ll
constitute a violation. When emissions in excess of an applicable emission limitation are
due to a malfunction, the Pennittee has an affirmative defense to a civil or administrative
enforcement proceeding based on tha t viola tion, othe r than a  judicia l action seeking
injunctive relief, if the Permittee has complied with the reporting requirements of A.A.C
R18-2-310.01 and has demonstrated all of the following

The excess emissions resulted from a sudden and unavoidable breakdown of
process equipment or air pollution control equipment beyond die reasonable
control of the Permittee

The air pollution control equipment, process equipment, or processes were at all
times maintained and operated in a manner consistent with good practice for
minimizing emissions

If repairs were required, the repairs were made in an expeditious fashion when
the applicable emission limitations were being exceeded. Off-shift labor and
overtime were utilized where practicable to ensure that the repairs were made as
expeditiously as possible. If off-shift labor and overtime were not utilized, the
Permittee satisfactorily demonstrated that the measures were impracticable

The amount and duration of the excess emissions (including any bypass
operation) were minimized to the maximum extent practicable during periods of
such emissions

A11 reasonable steps were taken to minimize die impact of die excess eMissions
on ambient air quality

The excess emissions were not part of a recurring pattern indicative of inadequate
design, operation, or maintenance
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During the period of excess emissions there were no exceedances of the relevant
ambient air quality standards established in Title 18, Chapter 2, Article 2 of the
Arizona Administrative Code that could be attributed to the emitting source

The excess emissions did not stem Hom any activity or event that could have
been foreseen and avoided, or planned, and could not have been avoided by
better operations and maintenance practices

All emissions monitoring systems were kept in operation if at all practicable; and

The Permittee's actions in response to the excess emissions were documented by
contemporaneous records

Affirmative Defense for Startup and Shutdown

Except as provided in Condition XII.E.3.b below, and unless otherwise provided
for in the applicable requirement, emissions in excess of an applicable emission
limitation due to startup and shutdown shall constitute a violation. When
emissions in excess of an applicable emission limitation are due to startup and
shutdown. the Permittee has an affirmative defense to a civil or administrative
enforcement proceeding based on that violation, other than a judicial action
seeking injunctive relief; if the Permitted has complied with the reporting
requirements ofA.A.C. Rl8-2-310.01 and has demonstrated all of the following

(1) The excess emissions could not have been prevented through careful and
prudent planning anddesign

(2) If the excess emissions were the result of a bypass of control equipment
the bypass was unavoidable to prevent loss of life, personal injury, or
severe damage to air pollution control equipment, production equipment
or other property

(3) The air pollution control equipment, process equipment, or processes
were at all times maintained and operated in a manner consistent with
good practice for minimizing emissions

(4) The amount and duration of the excess emissions (including any bypass
operation) were minimized to die maximum extent practicable during
periods of such emissions

(5) All reasonable steps were taken to minimize the impact of the excess
emissions on ambient air quality

(6) During the period of excess emissions there were no exceedances of the
relevant ambient air quality standards established in Title 18, Chapter 2
Article 2 of the Arizona Administrative Code that could be attributed to
the emitting source

(7) A11 e mis s ions  monitoring sys te ms  we re  ke pt in ope ra tion if a t a ll
practicable; and

(8) Contemporaneous records documented
response to the excess emissions

the  P e rm itte e 's  a c tions  in
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If excess emissions occur due to a malfunction during routine startup and
shutdown, then those instances shall be treated as other malfunctions subject to
Condition XII.E.2 above

Affirmative Defense for Malfunctions during Scheduled Maintenance

If excess emissions occur due to a malfunction during scheduled maintenance, then those
instances will be treated as other malfunctions subject to Condition XII.E.2 above

Demonstration of Reasonable and Practicable Measures

For an affirmative defense under Condition XII.E.2 or XII.E.3 above. the Permitted shall
demonstrate, through submission of the data and information required by Condition XII.E
and A.A.C. R18-2-310.01 , that all reasonable and practicable measures within the
Permittee's control were implemented to prevent the occurrence of the excess emissions

XIII. RECORD KEEP ING REQUIREMENTS [A.A.C. R18-2-306.A.4]

The Permittee shall keep records of all required monitoring information including, but not limited
to, the  following

The date, place as defined in the permit, and time of sampling or measurements

The date(s) analyses were performed

The name of the company or entity dirt performed the analyses

A description of the analytical techniques or methods used

The results of such analyses; and

The operating conditions existing at the time of sampling or measurement

The Permitted shall retain records of all required monitoring data and support information for a
period of at least 5 years from the date of the monitoring sample, measurement, report, or
application. Support information includes all calibration and maintenance records and all original
strip-chart recordings or other data recordings for continuous monitoring instrumentation, and
copies of all reports required by the permit

All required records  sha ll be  ma inta ined e ithe r in an unchangeable  e lectronic forma t or in a
handwritten logbook utilizing indelible  ink

x i v . REP ORTING REQUIREMENTS [A.A.C. Rl8-2-306.A.5.a]

The Permitted shall submit the following reports

Compliance certifications in accordance with Section VII of Attachment "A

Excess emission, permit deviation, and emergency reports in accordance with Section XII of
Attachment

Other reports required by any condition of Attachment "B
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XV. DUTY TO PROVIDE INFORMATION [A.A.C. Rl8-2-304.G and -306.A.8.e]

The Permittee shall furnish to the Director, within a reasonable mc, any information that the
Director may request in writing to determine whether cause exists for revising, revoking and
reissuing, or terminating the permit, or to determine compliance with the permit. Upon request
the Permittee shall also furnish to the Director copies of records required to be kept by the permit
For information claimed to be confidential, the Permittee shall furnish an additional copy of such
records directly to the Administrator along with a claim of confidentiality

If the Permitted has failed to submit any relevant facts or has submitted incorrect information in
the penni application, the Pennittee shall, upon becoming aware of such failure or incorrect
submittal, promptly submit such supplementary facts or corrected information

XVI. PERMIT AMENDMENT OR REVISION [A.A.C. R18-2-318, -319, and -320]

The Permittee shall apply for a penni amendment or revision for changes to the facility that do not
qualify for a facility change without revision under Section XVII, as follows

Administrative Permit Amendment (A.A.C. R18-2-318)

Minor Permit Revision (A.A.C. Rl8-2-319), and

Significant Permit Revision (A.A.C. R18-2-320)

The applicability and requirements for such action are defined in the above referenced regulations

XVII. FACILITY CHANGE WITHOUT A PERMIT REVISION [A.A.C. R18-2~306.A.4 and -317]

The Permittee may make changes at the permitted source without a permit revision if all of the
following apply

The changes are not modifications under any provision of Title I of the Act or under ARS
§49-401.01(19)

The changes do not exceed the emissions allowable under the permit whether expressed
therein as a rate of emissions or in terms of total emissions

The changes do not violate any applicable requirements or tr igger any additional
applicable requirements

The changes satisfy all requirements for a minor permit revision under A.A.C.-R18-2
319.A: and

The changes do not contravene federally enforceable permit terms and conditions that are
monitoring (including test methods), record keeping, reporting, or compliance
certification requirements

The substitution of an item of process or  pollution control equipment for  an identical or
substantially similar item of process or pollution control equipment shall qualify as a change that
does not require a permit revision, if it meets all of the requirements of Conditions XVII.A and
XVIl.C of this Attachment

For each change under Conditions XVII.A and XVII.B above, a written notice by certified mail
or hand delivery shall be received by the Director and the Administrator a minimum of 7 working
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days in advance of the change. Notifications of changes associated with emergency conditions,
such as malfunctions necessitating the replacement of equipment, may be provided less than 7
working days in advance of the change, but must be provided as far in advance of the change; as
possible or, if advance notification is not practicable, as soon alter the change as possible.

D. Each notification shall include:

When the proposed change will occur;

A description of the change;

3. Any change in emissions of regulated air pollutants; and

Any permit term or condition that is no longer applicable as a result of the change.

E. The permit shield described in A.A.C. R18-2-325 shall not apply to any change made under this
Section, other than implementation of an alternate to Conditions XVII.A and XVII.B above.

F . Except as otherwise provided for in the permit, making a change from one alternative operating
scenario to another as provided under A.A.C. Rl8-2-306.A.11 shall not require any prior notice
under this Section.

G. Notwithstanding any other part of this Section, the Director may require a permit to be revised for
any change that, when considered together with any other changes submitted by the same source
under this Section over the term of the permit, do not satisfy Condition XVII.A above.

XVIII. TES TING REQUIREMENTS [A.A.C. R18-2-312]

A. The Permittee shall conduct performance tests as specified in the permit and at such other times
as may be required by the Director.

B. Operational Conditions during Testing

Tests shall be conducted during operation at the maximum possible capacity of each unit under
representative operational conditions unless other conditions are required by the applicable test
method or in this permit. With prior written approval from the Director, testing may be
performed at a lower rate. Operations during periods of start-up, shutdown, and malfunction (as
defined in A.A.C. R18-2-101) shall not constitute representative operational conditions unless
otherwise specified in the applicable standard.

c. Tests shall be conducted and data reduced in accordance with the test methods and procedures
contained in the Arizona Testing Manual unless modified by the Director pursuant to A.A.C.
R18-2-312.B.

D. Test Plan

At least 14 calendar days prior to performing a test, the Permitted shall submit a test plan to the
Director in accordance with A.A.C. R18-2-312.B and the Arizona Testing Manual, This test plan
must include the following:

1 . Test duration;

Test location(s),
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Test method(s); and

4. Source operation and other parameters that may affect test results.

E. Stack Sampling Facilities

The Permittee shall provide, or cause to be provided, performance testing facilities as follows:

Sampling ports adequate for test methods applicable to the facility;

Safe sampling platform(s);

Safe access to sampling p1atform(s); and

Utilities for sampling and testing equipment.

F; Interpretation of Final Results

Each performance test shall consist of three separate runs using the applicable test method. Each
run shall be conducted for the time and under the conditions specified in the applicable standard.
For the purpose of determining compliance with an applicable standard, the arithmetic mean of
the results of the three runs shall apply. In the event that a sample is accidentally lost or
conditions occur in which one of the three runs is required to be discontinued because of forced
shutdown, failure of an irreplaceable portion of the sample train, extreme meteorological
conditions, or other circumstances beyond the Permitted's control, compliance may, upon the
Director's approval, be determined using the arithmetic mean of the results of the other two runs.
If the Director or the Director's designee is present, tests may only be stopped with the Director's
or such designee's approval. If the Director or the Director's designee is not present, tests may
only be stopped for good cause. Good cause includes: forced shutdown, failure of an
irreplaceable portion of the sample train, extreme meteorological conditions, or other
circumstances beyond the Permittee's control. Termination of any test without good cause alter
the first run is commenced shall constitute a failure of the test. Supporting documentation, which
demonstrates good cause, must be submitted.

G. Report of Final Test Results

A written report of the results of all performance tests shall be submitted to the Director within 30
days after the test is performed. The report shall be submitted in accordance with the Arizona
Testing Manual and A.A.C. R18-2-3 l2.A.

XIX. PROPERTY RIGHTS [A.A.C. Rl8-2-306.A.8.d]

This permit does not convey any property rights of any sort, or any exclusive privilege.

XX. SEVERABILITY CLAUSE [A.A.C. R18-2-306;A.7]

The provisions of this permit are severable. In the event of a  challenge to any portion of dies penni, or if
any portion of aNs permit is held invalid, the remaining permit conditions remain valid and in force.

XXI. P ERMIT S HIELD [A.A.C. R18-2-325]

Compliance with the conditions of this permit shall be deemed compliance with all applicable
requirements identified in the portions of this permit subtitled "Permit Shield". The permit shield shall
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not apply to minor revisions pursuant to Condition XVI.B of this  Attachment and any facility changes
without a permit revision pursuant to Section XVII of this Attachment.

XXII.  P ROTECTION OF S TRATOS P HERIC OZONE [40 CFR Part 821

If this source becomes subject to the provisions of 40 CFR Part 82, then the Permittee shall comply with
these provisions accordingly.
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ATTACHMENT (CBS): SPECIFIC CONDITIONS

Air Quality Control Permit No. 43801

Northern Arizona Energy, LLC

RELATIONSHIP OF PERMIT TO APPLICABLE STATE IMPLEMENTATION PLAN

This permit is issued pursuant to the provisions of the Arizona Revised Statutes (ARS) and constitutes an
Installation Permit for the purpose of the applicable State Implementation Plan. [ARS §49-404.c and -426]

FACILITY WIDE REQUIREMENTS

Within 7 days of site mobilization, the Pemlittee shall have on-site or on-call a person that is
certified in EPA Reference Method 9 for the observation and evaluation of visible emissions

[A.A.C. R18-2-306.A.2]

At the time the compliance certification required by Section VII of Attachment "A" are
submitted, the Permitted shall submit reports of all monitoring activities required by this
Attachment performed in the same six month period as applies to the compliance certification
period [A.A.c. R18-2-306.A.5.a]

The Permittee shall keep a log of all emission related maintenance activities performed at the
facility. These records shall be made available to ADEQ upon request. [A.A.C. R18-2-306.A.3.c]

COMBUSTION GAS TURBINES (CTGs)

Ap p lic a b ility

This section applies to the four (4) simple cycle combustion gas turbine units (CT1, CTR, CT3
and CT4)

General Provisions

The following requirements apply to the operation, maintenance, recordkeeping and testing of gas
turbines and associated monitoring systems in accordance with 40 CFR Part 60, Subpart A
General Provisions

All requests, reports, applications, submittals, and other communications to the Director
pursuant to A.A.C. R18-2-901, -902, and 40 CFR Part 60 shall be submitted in duplicate
to die EPA Region 9 office at the following addresses

Director, Air Division (Attn: AIR-1)
U.S. Environmental Protection Agency
75 Hawthorne Street
San Francisco. CA 94105 [40 CAR 60.4(a)1

The Permitted shall comply with the general notification requirements contained in 40
CFR 60.7(a), including but not limited to

Notification of the date of constnlction of each affected CTG postmarked no later
than 30 days after such date
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b. Notification of the actual date of initial startup of each affected CTG postmarked

within 15 days after such date.

c. Notification of the date upon which demonstration of the continuous monitoring

system performance commences in accordance with 40 CFR 60.13(c) post-

marked not less than 30 days prior to such date. [40 CFR 60.7(a)]

The Permitted shall maintain records of the occurrence and duration of any startup,
shutdown, or malfunction in the operation of an affected CTG, any malfunction of the air
pollution control equipment; or any periods during which a continuous monitoring
system or monitoring device is inoperative. [40 CFR 60.7(b)]

The Permittee shall submit excess emissions and monitoring systems performance reports
and/or summary report form on a semi-annual basis as required by 40 CFR 60.7(c) and
(d). All reports shall be postmarked by the 30th day following the end of each 6-month
period. [40 CFR 60.7(¢), 40 CFR 60.7(d)]

5. The Permitted shall maintain a file of adj measurements, including continuous monitoring
system, monitoring device, and performance testing measurements, all continuous
monitoring system performance evaluations, all continuous monitoring system or
monitoring device calibration checks, adjustments and maintenance performed on these
systems or devices, and all other information required in a permanent form suitable for
inspection. The tile shall be retained for at least two years following the date of such
measurements, maintenance, reports, and records, except as provided in 40 CFR
60.7(1)(11 and (2). [40 CFR 60.7(t)]

At all times, including periods of startup, shutdown, and malfunction, the Permitted shall,
to the extent practicable, maintain and operate each combustion was turbine including
associated air pollution control equipment in a manner consistent with manufacturer
equipment operating Quidelines and good air Dollution control Draetiee for minimizinsl
emissions. Determination of whether acceptable operating and maintenance procedures
are being used will be based on information available to the Administrator which may
include, but is not limited to, monitoring results, opacity observations, review of
operating and maintenance procedures, and inspection of the source.

[40 CFR60.11(d), A.A.C. R18-2-33l.A.3.e]

[Material penni conditions are indicated by underline and italics]

7. For the purpose of submitting compliance certifications or establishing whether or not the
Permittee has violated or is in violation of any standard in 40 CFR Part 60, nothing shall
preclude the use, including the exclusive use, of any credible evidence or information,
relevant to whether a source would have been in compliance with applicable
requirements if the appropriate performance or compliance test or procedure had been
performed. [40 CFR60.11(8)]

8. The Permittee shall not build, erect, install, or use any article, machine, equipment or
process, the use of which conceals an emission, which would otherwise constitute a
violation of an applicable standard. Such concealment includes, but is not limited to, the
use of gaseous diluents to achieve compliance with opacity standard or with a standard,
which is based on the concentration of a pollutant in the gases discharged to the
atmosphere. [40 CFR 60. 12]

9. The Permittee shall comply with the "General Notification and Reporting Requirements"
found in 40 CFR 60.19. [40 CFR60.191
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State-only Enforceable NSPS Provisions

Until such time as Subpart KKKK of 40 CFR Part 60 is incorporated by reference into A.A.C
R18-2-901, the Permittee shall comply with all applicable provisions of Subpart GG of 40
CFR Part 60 [A.A.C. Rl8-2-90l(40): State-only enforceable]

Operational Limitations

Fuel Limitation

The Permitted shall not cause or allow the combustion of any fuel in gas turbines other than
natural Qas meeting the definition of "natural 2as" in 40 CFR 60.4420

[A.A.C.R18-2-306.0l.A, -306.A.2, -33l.A.3.a]

[Materialpermit conditions are indicated by underline and italics]

Nitrogen Oxides

Emission Limitations/Standards

The Permittee shall not cause to be discharged into the atmosphere any gas
turbine gases which contain nitrogen oxides (Not) in excess of 25 ppm at 15%
oxygen [40 CFR 60.4320(a)]

Total combined emissions ofNOxfrom all the ,was turbine units shall not exceed
39.0 tons per year, calculated daily as a rolling 365-dav total

[A.A.C. R18-2-306.01, -306.02, -33l.A.3.a]
[Material penni conditions are indicated by underline and italics]

Air Pollution Control Equipment

At all times when the zag turbines are in operation. ineludin2 during startup
shutdown. and malfunction. the Permitted shall maintain and operate the water
infection systems in a manner consistent with consistent with manufacturer
equipment operating guidelines and good air pollution control practices for
minimizing NOtemissions [40 CFR 60.4333, A.A.C. R18-2-33l.A.3.e]

[Material penni conditions are indicated by underline and italics]

At all times when the Qas turbines are in operation. including during startup
shutdown, and malfunction, the Permitted shall maintain and operate a Selective
Catalvtie Reduction (SCR) system in a manner consistent with consistent with
manufacturer equipment operating guidelines and good air pollution control
praeticesfor minimizing No_v emissions [40 CFR 60.4333, A.A.C. R18-2-331.A.3.e]

[Material pemiit conditions are indicated by underline and italics]

Monitoring, Recordkeeping, and Reporting Requirements

At all times when the gas turbines are in operation, including during startup
shutdown, and malfunction. the Permittee shall install, certzjf, maintain, and
operateContinuous Emission Monitoring Svstems (CEMS) consisting OfNOx and
OF (or CON) monitors to determine the hourly NO,v emission rate in parts per
million from all four CTGs

[40 CFR 60.4333, 40 CFR 60.4335(b)(1), A.A.C. Rl 8-2-306.02.C, -306.A.3, -331 .A.3.c]

[Material permit conditions are indicated by underline and italics]
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At all times when the gas turbines are in operation, including a'urin2 startup,
shutdown, and malfunction. the Permittee shall install, calibrate, maintain and
operate fuel flow meters to continuously measure the heat input to each was
turbine. The feel flowmeters shall meet the installation, certification, and quality
assurance requirements of appendix D to 40 CFR 75.

[40 CFR 60.4333, 40 CFR 60.4335(b)(2), 40 CFR 60.4345(c),
A.A.C. R18-2-306.02.C, -306.A.3, -33l.A.3.c]

[Material permit conditions are indicated by underline and italics]

For die NOt and 02 or CON diluent CEMS, the Permittee shall meet all
applicable requirements of 40 CFR Part 75, including but not limited to:

(1) 75. 10 - Genera l Opera ting Requirements ;

(2) 75.12 - Specific Provisions for Monitoring NOt Emission Rate;

(3)

(4)

Subpart C ._ Operation and Maintenance Requirements;

Subpart D .- Missing Data Substitution Procedures;

(5)

(6)

Subpart F - Recordkeeping Requirements;

Subpart G - Reporting Requirements;

(7) Appendix A - Specifications and Test Procedures;

Appendix B - Quality Assurance and Quality Control Procedures;(8)

(9) Appendix C _- Mis s ing Da ta  Es tima tion P rocedures ; a nd

(10) Appendix F -. Conversion Procedures

The relative accuracy test audit (RATA) of the CEMS shall be performed on a
lb/MMBtu basis.

[40 CFR 60.4345(a), A.A.C. R18-2-306.02.C, -306.A.3]

d. As specified in 40 CFR 60.l3(e)(2), during each full unit operating hour, both the
NO, monitor and the diluent (02 or C02) monitor must complete a minimum of
one cycle of operation (sampling, analyzing, and data recording) for each 15-
minute quadrant of the hour, to validate the hour. For partial unit operating hours,
at least one valid data point must be obtained for each quadrant of the hour in
which the unit operates. For unit operating hours in which required quality
assurance and maintenance activities are performed on the CEMS, a minimum of
two valid data points (one in each of two quadrants) are required to validate the
NOx emission rate for the hour. [40 CFR 60.4345(b)]

The Permittee shall implement quality assurance (QA) program and plan
described in Section 1 of appendix B to 40 CFR 75 for all of the continuous
monitoring equipment in paragraphs a and b above. [40 CFR 60.4345(e)]

For purpos es  of identifying exces s  em is s ions  a s s ocia ted with Condition III.D.1.a
a bove ,

(1) All CEMS data  must be  reduced to hourly averages as specified in 40
CFR 60. 13(h). [40 CFR 60.4350(a)]
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(2) For each unit operating hour in which a valid hourly average, as
described in Condition III.D.3.d above. is obtained for both NOt and
diluent, the data acquisition and handling system must calculate and
record the hourly NOt emissions in the units of ppm. [40 CFR 60.4350(b)]

(3) Only quality assured data shall be used to identify excess emissions
Periods where the missing data substitution procedures in subpart D of
40 CFR 75 are applied are to be reported as monitor downtime in the
excess emissions and monitoring performance report required under
Condition III.B.4 of this Attachment [40 CAR 60.4350(d)]

(4) The Permittee shall use the calculated hourly average emission rates
from (2) above to assess excess emissions on a 4-hour rolling average
basis, as described in Condition III.D.3.g (1) below

£40 CFR 60.4350(t) and 40 CFR 60.4350(g)]

The Permittee shall submit reports ef excess emissions and monitor downtime, in
accordance with Condition III.B.4 of this Attachment. Excess emissions shall be
reported for all periods of operation of gas turbines, including startup, shutdown
and malfunction. Periods of excess emissions and monitor downtime dirt shall
be reported are defined as follows [40 CFR 60.4375(a)]

(1) An excess emissions shall be any unit operating period in which the 4
hour or 30~day rolling average NOt emission rate exceeds the applicable
emission limit in Condition III.D.l.a above. A "4-hour rolling average
NOt emission rate" is the arithmetic average of the average NO
emission rate in ppm measured by the continuous emission monitoring
equipment for a given hour and the three unit operating hour average

x emission rates immediately preceding that unit operating hour
Calculate the rolling average if a valid NOt emission rate is obtained for
at least 3 of the 4 hours. A "30-day rolling average NOx emission rate" is
the arithmetic average of all hourly NOx emission data in ppm measured
by the continuous emission monitoring equipment for a given day and
the twenty-nine unit operating days immediately preceding that unit
operating day. A new 30-day average is calculated each unit operating
day as the average of all hourly NOx emissions rates for the preceding 30
unit operating days if a valid NOx emission rate is obtained for at least 75
percent of all operating hours [40 CFR 60.4380(b)(l)]

(2) A period of monitor downtime is any unit operating hour in which the
data for any of the following parameters are either missing or invalid
NOt concentration, CON or 02 concentration, fuel flow rate or megawatts

[40 CFR 60.4380(b)(2)]

The Permitted shall determine and record the gross caloric value (GCV) of the
pipeline quality natural gas at least once per month in accordance with the
procedures in Section 2.3.4.1 or 2.3.4.2 of 40 CFR 75 Appendix D, as applicable

[A.A.C. R18-2-306.02.C, 306.A.3]

For demonstrating compliance with Condition III.D.1.b above, the Permittee
shall utilize the NOt and diluent CEMS required by Condition III.D.3.a in
conjunction with the fuel flow rate monitoring systems required by Condition
III.D.3.b and a Data Acquisition and Handling System (DAHS) to calculate mass
emissions in units of pounds per million Btu (lb/MMBtu), pounds per hour
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(lb/hr), pounds per day, and tons per daily rolling 365-day total from all four (4)
[A.A.C. Rl8-2-306.02.C, -306.A.3]

To ca lcula te  mass emissions in lb/MMBtu. the  Permittee  sha ll use  the
Procedures for NOt Emission Rate in 40 CFR 75 Appendix F

(2) The Permitted shall calculate mass emissions in lb/hr using the calculated
lb/MMBtu ra tes, fue l flow monitoring data , and the  GCV of die  pipeline
quality natural gas as determined under Condition III.D.3.h above

During CEMS or fuel flow rate  monitoring system downtime, the Permitted shall
implement the missing data procedures in 40 CFR Part 75 Subpart D, Appendix
c, and Appendix D, as applicable [A.A.c. R18-2-306.02.C, 306.A.3]

Each calendar day during which total combined rolling 365-day total NOt
emission rate from all four CTGs exceeds 39.0 tons shall constitute an
exceedance of Condition III.D.1.b of this Attachment. Exceedances shall be
reported to the Director in accordance with Condition XII.A of Attachment "A

[A.A.C. Rl 8-2-306.02.C]

Each individual day and 365-day rolling total NOt, emission rate in the reporting
period shall be included in the semiannual compliance certification required by
Condition VII of Attachment [A.A.c. R18-2-306.02.C, -306.A.5}

Performance Testing Requirements

For each CTG, the  Permittee  shall perform an initia l performance test for NO
emissions within 60 days alter achieving the maximum production rate  at which
the unit will be operated but not later than 180 days after initial startup

[40 CFR 60.81

Ea ch initia l pe rforma nce  tes t for NOt emis s ions  s ha ll be  performed a s  follows
[40 CFR 60.81

(1) Perform a minimum of nine RATA reference method runs, with a
minimum time per run of 21 minutes, at a single load level, within plus
or minus 25 percent of 100 percent of peak load. The ambient
temperature must be greater than 0 °F during the RATA runs

[40 CFR 60.4405(a)]

(2) For each RATA run, concurrently measure the heat input to the unit
using a fuel flow meter (or flow meters) and measure the electrical and
dermal output from the unit [40 CFR 60.4405(b)]

(3) Use the test data both to demonstrate compliance with die NOt emission
limit in Condition III.D.l.a of this Attachment and to provide the
required reference method data for the RATA of the CEMS required by
Conditions III.D.3.a and III.D.3.b above [40 CFR 60.4405(¢)]

(4) Com plia nce  with  the  e m is s ion lim it in  Condition III.D.l.a  of th is
Atta chme nt is  a chie ve d if the  a rithme tic a ve ra ge  of a ll of the  NO
emission rates for the  RATA runs, expressed in units of ppm, does not
exceed the emission limit [40 CFR 60.4405(d)]
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Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with the
following requirements as of the date of issuance of this permit: 40 CFR 60.4320(a),40
CAR 60.4333, 40 CFR 60.4335(b)(1), 40 CFR 60.4335(b)(2), 40 CFR 60.4345(a), 40
CFR 60.4345(b), 40 CFR 60.4345(c), 40 CFR 60.4345(e), 40 CFR 60.4350(a), 40 CFR
60.4350(lb), 40 CFR 60.4350(c), 40 CFR 60.4350(d), 40 CFR 60.4350(g), 40 CFR
60.4375(a), 40 CFR 60.4380(b)(l), 40 CFR 60.4380(b)(2), and 40 CFR 60.4405

[A.A.C.Rl8-2-325]

Sulfur Dioxide

Emission Limitations/Standards

The Permittee shall not bum in Combustion Turbine Generators (CTGs) any fuel
that will emit S02 in excess of 0.060 pound/MMBtu of heat input

[40 CFR 60.433o(a)(2)]

Total combined emissions o_fSO2~ from all the was turbine units shall not exceed
36.0 tons per year on a rolling 12-month total

[A.A.C. R18-2-306.01, -306.02, -33l.A.3.a]
[Material permit conditions axe indicated by underline and italics]

Performance Testing Requirements

The Permittee shall perform an initial performance test for S02 emissions from
CTGs to demonstrate compliance with the emission limit contained in Condition
III.E.1 above. The initial performance test shall be completed within 60 days
alter achieving the maximum production rate at which the unit will be operated
but not later Dian 180 days after initial startup. Subsequent performance test shall
be conducted on annual basis (no more than 14 months following the previous
performance test) [40 CFR 60.8, 40 CFR 60.4415(a)]

Performance tests shall be conducted in accordance with 40 CFR 60.8 and using
the methodologies in 40 CFR 4415(a) [40 CFR 60.8, 40 CFR60.4415(a)]

The Permitted shall record and report the results of each performance test for SO
emissions in units of lb/MMBm heat input [A.A.c. R18-2-306.A.3.¢]

Monitoring, Recordkeeping, and Reporting Requirements

The Permitted shall demonstrate compliance wide emission standard in III.E.l.a
above by maintaining a current, valid purchase contract, tariff sheet, or
transportation contract specifying that the maximum total sulfur content of the
natural gas is 20 grains/100 sc or less [40 CFR 60.4365(a)]

The Permitted shall demonstrate compliance with emission standard in III.E.1.b
as follows

Within 10 days after the end of each calendar month, the Permittee shall calculate
and record rolling 12-month S02 emissions from all four CTGs. The SO
emission rate shall be calculated as the product of the S02 emission factor
determined in accordance with Condition III.E.2.c from the most recent
performance test and the heat input rate for the 12-month period, as determined
in accordance with Condition III.D.i of this Attachment. [A.A.C. R18-2-306.A.3.c]
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3. Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with 40 CFR 60.
40 CFR 60.4330(a)(2), 40 CFR 60.4365(a), 40 CFR 60.4415(a). [A.A.c. R18-2-325]

F. Carbon Monoxide

1. Emission Limitations/Standards

Total combined emissions of CO firm all four CTGs shall not exceed 90.0 tons per year,
calculated daily as a rolling 365-day total. [A.A.c. R18-2-306.01, -306.02.A, -331.A,3.a]

[Material permit conditions are indicated by underline and italics]

2. Air Pollution Control Equipment

At all times when the was turbines are in operation, including during startup. shutdown,
and malfunction, the Permittee shall, to the extent practicable, maintain and operate the
oxidation catalyst system in a manner consistent with consistent with manufacturer
equipment operating guidelines and good air pollution control practices for minimizing
CO emissions. [40 CFR 60.11(<1), A.A.C. R18-2-331.A.3.e]

[Material permit conditions are indicated by underline and italics]

3. Monitoring, Recordkeeping, and Reporting Requirements

a. At all times when the was turbines are in operation, including during startup,
shutdown, and malfunction, the Permittee shall install, eertifif, maintain, operate
and quality-assure Continuous Emission Monitoring Svstems (CEMS) consisting
of CO and 02 for Coo) monitors for measuring CO emissions from CTGs.

[A.A.C. R18-2~306.02.C, -306.A.3, -33l.A.3.c]
[Material penni conditions are indicated by underline and italics]

b. The CO CEMS shall meet all applicable requirements of 40 CFR Part 60,
including but not limited to the following: [A.A.c. R18-2~306.02.C, -306.A.3]

(1) 60. 13 .- Monitoring Requirements,

(2) Appendix B - Performance Specification 4A; and

(3) Appendix F - Quality Assurance Procedures.

c. For demonstrating compliance with Condition III.F.1, the Permitted shall utilize
the CO and diluent CEMS required by Condition III.F.3.a in conjunction with the
fuel flow rate monitoring systems required by Condition III.D.3.b and a Data
Acquisition and Handling System (DAHS) to calculate mass emissions in units
of pounds per million BM (lb/MMBtu), pounds per hour (lb/hr), pounds per day,
and tons per daily rolling 365-day total from all the CTGs.

[A.A.C. R18-2-306.02.C, -306.A.3]

(1) To calculate mass emissions in lb/MMBtu, the Pennittee shall use the
Procedures for NOt Emission Rate in 40 CFR 75 Appendix F. For CO,
the value of K in Equations F-5 and F-6 = 7.266 x 10-** (lb/dsct)/ppm CO.

(2) The Pemiittee shall calculate mass emissions in lb/hr using the calculated
lb/MMBtu ra tes, fuel flow monitoring data , and die  GCV of the  pipeline
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qua lity na tura l ga s  a s  de te rmine d unde r Condition III.D.3.h of this
Attachment

During CEMS or fuel flow rate  monitoring system downtime, the Permitted shall
implement the missing data procedures in 40 CFR Part 75 Subpart D, Appendix
C, and Appendix D, as applicable . For CO monitoring data , the  Permitted shall
use the missing data estimation and substitution procedures prescribed for NO

[A.A.C. Rl8-2-306.02.C, -306.A.3]

Each calendar day during which total combined rolling 365-day total CO
emission rate ham all the CTGs exceeds 90.0 tons shall constitute an exceedance
of Condition III,F.l. Exceedances shall be reported to the Director in accordance
with Condition XII.A of Attachment [A.A.c. R18-2-306.02.c]

Each individual day and 365-day rolling total CO emission rate in the reporting
period shall be included in the semiannual compliance certification required by
Condition VII of Attachment [A.A.c. Rl8~2-306.02.C, -306.A.5]

Particulate Matter

Emission Limitations/Standards

Total combined emissions Of PM/o tom all four CTGs shall not exceed 14.0 tons Der year
on a rolling I2-month total [A.A.c R18-2-306.0l.A, A.A.c R18-2-33l.A.3.a]

[Material permit conditions are indicated by underline and italics]

Performance Testing Requirements

For each CTG, the Pennittee shall perform an initial performance test for PM
emissions within 60 days after achieving 300 fired hours on the CTG
Subsequent performance test shall be conducted annually. If at the end of any
Month, the 12-month rolling total of PMn, emissions for the 4 CTGs exceeds 13.5
tons, the test frequency will change to semi-annual [A.A.C. R18-2-312]

Each performance test for PMn) emissions shall be performed using EPA
Methods 5 and EPA Method 202 [A.A.c. R18-z-312]

The Pennittee shall record and report the results of each performance test for
PM10 emissions in units of lb/MMBtu heat input [A.A.C. R18-2-306.A.3.c]

Monitoring, Recordkeeping, and Reporting Requirements

Within 10 days after the end of each calendar month, the Permittee shall calculate and
record rolling l2-month PM10 emissions from all four CTGs. The P1VI1o emission rate
shall be calculated as the product of the PM10 emission factor determined in accordance
with Condition III.G.2.c from the most recent performance test and the heat input rate for
the 12-month period, detennined in accordance with Condition III.D.i of this Attachment

[A.A.c. Rl8-2-306.A.3.c]
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Volatile Organic Compounds (Vocs)

Emission Limitations/Standards

Total combined emissions of VOCsfrom all four CTGs not exceed 36.0 tons per year, on
a rolling I2-monzh total [A.A.c. R18-2-306.01, -306.02.A, -33l.A.3.a]

[Material permit conditions are indicated by underline and italics]

Air Pollution Control Equipment

As all times when was turbines are in operation, ineludin2 during startup, shutdown, and
malfimeaon, the Permittee shall, to the extent practicable, maintain and operate the
oxidation catalyst system in a manner consistent with manufacturer equipment operating
guidelines and good air pollution control practices for minimizing CO emissions

[40 CFR 60.1 l(d), A.A.C. R18-2-331 .A.3.e]

[Material permit conditions are indicated by underline and italics]

P e rform a nce  Te s ting  Re quire m e nts

For each CTG, the  Pennittee  shall perform an initia l performance test for VOC
e m is s ions  with in  60  da ys  a fte r a chie ving  300 fire d  hours  on  the  CTG
Subsequent performance test shall be performed annually [A.A.C. R18-2-312]

Each performance test for VOC emissions shall be performed using EPA
Methods 25A/25B [A.A.c. R18-2-312]

The Permittee shall record and report the results of each performance test for
VOC emissions in units of lb/MMBtu heat.input [A.A.C. R18-2-306.A.3.c]

Monitoring, Recordkeeping, and Reporting Requirements

Within 10 days after the end of each calendar month, the Permittee shall calculate and
record rolling 12-month VOC emissions from all four CTGs. The VOC emission rate
shall be calculated as the product of the VOC emission factor determined in accordance
with Condition III.H.3.c ham the most recent performance test and the heat input rate for
the 12-month period, determined in accordance with Condition III.D.i of this Attachment

[A.A.C. R18-2-306.A.3.c]

Ammonia

Emission Standards

The  P e rm itte d  s ha ll not a llow the  e m is s ions  of a m m onia  (s lippa ge ) firm  e a ch CTG to
exceed 10 ppmvd corrected to 15% O [A.A.C. R18-2-306.A.2]

Testing Requirements

Widiin 180 da ys  of initia l s ta rtup, a nd a nnua lly the rea fte r, the  P e rm ittee  s ha ll conduct a
pe rform a nce  te s t for a m m onia  s lippa ge  us ing m e thods  a pprove d by the  Dire ctor

[A.A.C. R18-2-312]
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Iv. AIR CHILLER SYSTEM/AMMONIA STORAGE

Ap p lic a b ility

This section applies to the air chilling system serving CTGs and ammonia storage tank

Particulate Matter and Opacity

Emission Limitations/Standards

The Permittee shall  not emit  or  cause to be emitted in to the atmosphere
particulate matter in excess of the allowable hourly emission rate determined as
follows

Determination of the allowable emission rates (E) for process weight
rates up to 60,000 lb/hr shall be accomplished by use of the equation

[A.A.C. R18-2-730.A.l.a]

E=4.10P

the maximum allowable particulate emissions rate in pounds-mass
per hour; and

P = the process weight rate in tons-mass per hour

Determination of the allowable emission rates (E) for process weight
rates in excess of 60,000 lb/hr shall be accomplished by use of the
equation 1A.A.c,Rl8-2-730.A. 1 .bl

E = 55.0p"~" - 40

the maximum allowable particulate emissions rate in pounds-mass
per hour; and

P = the process weight rate in tons-mass per hour

The Permittee shall not cause, allow or penni to be emitted into the atmosphere any
plume or effluent the opacity of which exceeds 20 percent, measured in accordance with
Reference Method 9 in 40 CFR 60, Appendix A [A.A.C.R18-2-702.B]

If the presence of uncombined water is the only reason for an exceedance of the
applicable opacity requirement, the exceedance shall not constitute a violation of the
applicable opacity limit [A.A.C.R18-2-702.C]

The Permitted shall not emit gaseous or odorous materials from equipment, operations or
premises under his control in such quantities or concentrations as to causeair pollution

[AA.C. Rl8-2-730.D]

Materials including solvents or other volatile compounds, paints, acids, alkalies
pesticides, fertilizers and manure shall be processed, stored, used, and transported in such
a manner and by means that they will not evaporate, leak, escape or be otherwise
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discharged into the ambient air so as to cause or contribute to air pollution. Where means
are available to reduce effectively the contribution to air pollution from evaporation,
leakage or discharge, the installation and use of such control methods, devices, or
equipment shall be mandatory. [A.A.c. R18-2.730.9]

Where a stack, vent, or other outlet is at such a level that fumes, gas mist, odor, smoke,
vapor or any combination thereof constituting air pollution is discharged to adjoining
property, the Director may require the installation of abatement equipment or the
alteration of such stack, vent, or other outlet by the Permittee thereof to a degree that will
adequately dilute, reduce, or eliminate the discharge of air pollution to adjoining
property. [A.A.C.Rl8-2-730.G]

Monitoring, Recordkeeping, and Reporting

A certified EPA Reference Method 9 observer shall conduct a monthly survey of visible
emissions emanating from the chiller system. If the opacity of the emissions observed appears to
exceed the standard, the observer shall conduct a certified EPA Reference Mediod 9 observation.
The Permittee shall keep records of the initial survey and any EPA Reference Method 9
observations perfonned. 'These records shall include the emission point observed, name of
observer, date and time of observation, and the results of the observation. [A.A.C.R18-2-306.A.3.c]

3. Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with A.A.C. Rl 8-2-
702.B, A.A.C. R18-2-702.C, A.A.C. R18-2-730.A.l, A.A.C. Rl 8-2-730.D, A.A.C. R18-2-730.F,
and A.A.C. R18-2-730.G. [A.A.C.Rl8-2-325]

v. FUGITIVE DUS T REQUIREMENTS

A. Applicability

This Section applies to any source of fugitive dust in the facility.

Particulate Matter and Opacity

1 . Open Areas, Roadways & Streets, Storage Piles, and Material Handling

a. Emission Limitations/Standards

i. Opacity of emissions from any fugitive dust source shall not be greater
than 40% measured in accordance with the Arizona Testing Manual,
Reference Method 9. [A.A.c. R18-2-614]

ii. The Permittee shall not cause, allow or penni visible emissions Hom any
point source, in excess of 20 percent opacity. [A.A.C-R18-2-702.B]

The Permittee shall employ the following reasonable precautions to
prevent excessive amounts of particulate matter from becoming airborne:

(a)
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2.

B.

f.

Keep dust and other types of air contaminants to a minimum in
an open area where construction operations, repair operations,
demolition activities, clearing operations, leveling operations, or
any earth moving or excavating activities are taking place, by
good modern practices such as using an approved dust
suppressant or adhesive soil stabilizer, paving, covering,
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landscaping, continuous wetting, detouring, barring access, or
other acceptable means [A.A.C. R18-2-604.A]

(b) Keep dust to a minimum from driveways, parking areas, and
vacant lots where motor vehicular activity occurs by using an
approved dust suppressant, or adhesive soil stabilizer, or by
paving, or by barring access to the property, or by other
acceptable means [A.A.C. R18-2-604.B]

(C) Keep dust and other particulates to a minimum by employing
dust suppressants, temporary paving, detouring, wetting down or
by other reasonable means when a roadway is repaired
constructed. or reconstructed [A.A.C. RI8-2-605.A]

<<1) Take reasonable precautions, such as wetting, applying dust
suppressants, or covering the load when transporting material
likely to give rise to airborne dust [A.A.C. R18-2-605.B]

(e> Take reasonable precautions, such as the use of spray bars
wetting agents, dust suppressants, covering the load, and hoods
when crushing, handling, or conveying material likely to give
rise to airborne dust [A.A.c. R18-2-606]

(f) Take reasonable precautions such as chemical stabilization
wetting, or covering when organic or inorganic dust producing
material is being stacked, piled, or otherwise stored

[A.A.C. Rl8~2-607.A]

(8) Operate stacking and reclaiming machinery utilized at storage
piles at all times with a minimum fall of material, or with the use
of spray bars and wetting agents [A.A.C. R18-2-607.B]

(11) Any other method as proposed by diePermitted and approved by
the Director [A.A.c_ R18-2-306.A.3.c]

Monitoring and Recordkeeping Requirements

The Permittee shall maintain records of the dates on which any of the
activities listed in Conditions V.B.l.a.iii.(a) through V.B.1.a.iii(h) above
were performed and the control measures that were adopted

[A.A.C. R18-2-306.A.3.c]

Opacity Monitoring Requirements

A certified Method 9 observer shall conduct a monthly visual
survey of visible emissions from the ihgitive dust sources. The
Permittee shall keep a record of the name of the observer, the
date and location on which the observation was made. and the
results of the observation

(b)
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If the observer sees a visible emission from a fugitive dust
source that on an instantaneous basis appears to exceed
applicable opacity standard, then the observer shall, i f
practicable, take a six-minute Method 9 observation of the
visible emission
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(1) If the six-minute opacity of the visible emission is less
than or equal to applicable opacity standard, die observer
shall make a record of the following

a) Location. date. and time of the observation, and

b) The results of the Method 9 observation

(2)- If the six-minute opacity of the visible emission exceeds
applicable opacity standard, diem the Permittee shall do
the following

a)

b)

Adjust or repair the controls or equipment to
reduce opacity to below the applicable standard
and
Report it as an excess emission under Section
XII.A of Attachment

[A.A.C. Rl8-2-306.A.3.c]

Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with
A.A.C. R18-2-604.A. A.A.C. R18-2-604.B, A.A.C. R18-2-605, A.A.C. R18-2
606. A.A.C. R18-2-607. and A.A.C. R18-2-612 [A.A.c. R18-2-325]

Open Burning

Emission LimitatioWStandard

Except as provided in A.A.C. R18-2-602.C.1, C.2, C.3, and C.4, and except when
permitted to do so by either ADEQ or the local officer delegated the authority for
issuance of open burning pennies, the Permittee shall not conduct open burning

[A.A.c. Rl8-2-602]

Monitoring and Recordkeeping Requirement

Compliance with the requirements of Condition V.B,2.a above may be
demonstrated by maintaining copies of all open burning permits on file

[A.A.C. R18-2-306.A.3.c]

Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with
A.A.C. R18-2-602 [A.A.c. R18-2-325]

MOBILE S OURCE REQUIREMENTS

Applicab ility

The requirements of this Section are applicable to mobile sources which eidier move while
emitting air contaminants or are frequently moved during the course of their utilization but are
not classified as motor vehicles, agricultural vehicles, or are agricultural equipment used in
normal farm operations. Mobile sources shall not include portable sources as defined in A.A.C
R18-2-101.90 [A.A.c.R18-2-801.A]
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B. Particulate Matter and Opacity

1. Emission Limitations/Standards

Off-Road Machinery

The Pennittee shall not cause, allow, or permit to be emitted into the atmosphere
from any off-road machinery, smoke for any period greater than ten consecutive
seconds, the opacity of which exceeds 40%. Visible emissions when starting
cold equipment shall be exempt from this requirement for the first ten minutes.
Off-road machinery shall include trucks, graders, scrapers, rollers, and other
construction and mining machinery not nonnally driven on a completed public
roadway. [A.A.c.Rl8-2-802.A and -802.B]

b. Roadway and Site Cleaning Machinery

The Pemiittee shall not cause, allow or permit to be emitted into the
atmosphere from any roadway and site cleaning machinery smoke or
dust for any period greater than ten consecutive seconds, the opacity of
which exceeds 40%. Visible emissions when starting cold equipment
shall be exempt from this requirement for the first ten minutes.

[A.A.C.Rl8-2-804.A]

ii. The Permittee shall take reasonable precautions, such as the use of dust
suppressants, before the cleaning of a site, roadway, or alley. Earth or
other material shall be removed from paved streets onto which earth or
other material has been transported by trucking or earth moving
equipment, erosion by water or by other means. [A.A.C. R18-2-804.B]

iii. Unless otherwise specified, no mobile source shall emit smoke or dust
the opacity of which exceeds 40%. [A.A.c.R18-2-801.B]

2. Recordkeeping Requirement

The Permittee shall keep a record of all emissions related maintenance activities
performed on the Permittee's mobile sources stationed at the facility as per manufacturer's
specifications. [A.A.C.Rl8-2--06.A.5.a]

Permit Shield

Compliance with this Section shall be deemed compliance widl A.A.C. R18-2-801,
A.A.C. R18-2-802.A, A.A.C. R18-2-804.A and A.A.C. Rl8-2-804.B. [A.A.C.R18-2-325]

VII. OTHER P ERIODIC ACTIVITY REQUIREMENTS

A. Abrasive Blasting

Particulate Matter and Opacity

Emission Limitations/Standards

The Permitted shall not cause or allow sandblasting or other abrasive blasting
without minimizing dust emissions to the atmosphere through the use of good
modem practices. Good modem practices include:

Permit No. 43801
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i. wet blasting;

ii. effective enclosures with necessary dust collecting equipment; or

iii. any other method approved by the Director.
[A.A.C. R18-2~726]

Opacity

The Permittee shall not cause, allow or permit v isible emissions from
sandblasting or other abrasive blasting operations in excess of 20% opacity, as
measured by EPA Reference Method 9. [A.A.C. R18-2-702.B]

Monitoring and Recordkeeping Requirement

Each time an abrasive blasting project is conducted, the Permitted shall log in ink or in an
electronic format, a  record of the following:

The date the project was conducted;

b. The duration of the project; and

c. Type of control measures employed.
[A.A.C. R18-2-306.A.3.c]

Permit Shield

Compliance with this Part shall be deemed compliance with A.A.C. R18-2-726, A.A.C.
R18-2-702.B. [A.A.C.Rl8-2-325]

B. Us e ofP a ints

1 . Volatile Organic Compounds

a. Emission Limitations/Standards

While performing spray painting operations, the Permitted shall comply with the
following requirements:

i. The Permittee shall not conduct or cause to be conducted any spray
painting operation without minimizing organic solvent emissions. Such
operations, other than architectural coating and spot painting, shall be
conducted in an enclosed area equipped with controls containing no less
than 96 percent of the overspray. [A.A.c.R18-2-727.A]

ii. The Permittee or their designated contractor shall not either:

(a ) Employ, apply, evaporate, or dry any architectural coating
containing photochemically reactive solvents for industrial or
commercial purposes, or

(b) Thin or dilute any architectural coating with a photochemically
reactive solvent.

[A.A.C.R18-2-727.B]

Permit No. 43801
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iii. For the purposes of Conditions VII.B.l.a.ii and VII.B.1.a.v, a

photochemically reactive solvent shall be any solvent with an aggregate
of more than 20 percent of its total volume composed of the chemical
compounds classified in Conditions VIII.B.1.a.iii(a) through
VIIl.B.l.a.iii(c) below, or which exceeds any of the following percentage
composition limitations, referred to the total volume of solvent:

(a) A combination of die following types of compounds having an
olefinic or cycle-oleiinic type of unsaturation-hydrocarbons,
alcohols, aldehydes, esters, ethers, or ketenes: 5 percent.

(b> A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzenez 8 percent.

(G) A combination of methylbenzene, ketenes having branched
hydrocarbon structures, trichloroethylene or toluene: 20 percent.

[A.A.C.R18-2-727.C]

iv. Whenever any organic solvent or any constituent of an organic solvent
may be classified from its chemical structure into more than one of the
groups of organic compounds described in Conditions VII.B.l.a.iii(a)
through VII.B.l.a.iii(c) above, it shall be considered to be a member of
the group having the least allowable percent of the total volume of
solvents. [A.A.C.R18-2-727.D]

v. The Permittee shall not dispose of by evaporation more than 1.5 gallons
of photochemically reactive solvent in any one day.

[S IP  P rovis ion R9-3-527.C]

b. Monitoring and Recordkeeping Requirements

i. Each time a spray painting project is conducted, the Permittee shall log
in ink, or in an electronic format, a record of the following:

(a) The date the project was conducted;

(b) The duration of the project;

(<=> Type of control measures employed,

(d) Material Safety Data Sheets for all paints and solvents used in
the project; and

Ce) The amount of paint consumed during the project.

ii. Architectural coating and spot painting projects shall be exempt from die
recordkeeping requirements of Condition VII.B.l.b.i above.

[A.A.C. R18-2-306.A.3.c]

Permit Shield

Compliance with this Part shall be deemed compliance with A.A.C.R18-2-727
and SIP Provision R9-3-527.C. [A.A.c.R18-2-325]
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Opacity

Emission Limitation/Standard

The  Permittee  sha ll not cause , a llow or permit visible  emissions firm pa inting
operations in excess of 20% opacity, as measured by EPA Reference Method 9

[A.A.c.Rl8~2-702.B]

Permit Shield

Compliance with the conditions of this Part shall be deemed compliance with
A.A.C.Rl8-2-702.B [A.A.C. R18-2-325]

Demolition/Renovation - Hazardous Air Pollutants

Emission LimitatioWStandard

The Permitted shall comply with all of the requirements of 40 CFR 61 Subpart M
(National Emissions Standards for Hazardous Air Pollutants - Asbestos)

[A.A.C. Rl8-2-1101.A.8]

Monitoring and Recordkeeping Requirement

The Permittee shall keep all required records in a file. The required records shall include
the  "NES HAP  Notifica tion for Re nova tion a nd De molition Activitie s " form a nd a ll
supporting documents [A.A.c. R18-2-306.A.3.c]

Permit Shield

Compliance  with the  conditions of this  Part sha ll be  deemed compliance  with A.A.C
R18-2-1101.A.8 [A.A.c. R18-2-325]
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Combustion Gas
Turbine  1*

48 MW Genera l
Ele ctric

LM6000PC-
Sprint Nxgen

TBD TBD CTI

Combustion Gas
Turbine  2*

48 MW Genera l
Ele c tric

LM6000PC-
Sprint Nxgen

TBD TBD CT2

Combustion Gas
Turbine  3*

48 MW General
Electric

LM6000PC-
Sprint Nxgen

TBD TBD CTR

Combustion Gas
Turbine  4*

48 MW General
Electric

LM6000PC-
Sprint Nxgen

TBD TBD CT4

Chiller System
for Combustion

Turbines

345 gallons
per minute

Recirculation
rate

TBD TBD TBD TBD Chiller

Aqueous
Ammonia

Storage Tank

10000 ga llons T B D T B D T B D TBD T B D
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ATTACHMENT u c v:  EQUIP MENT LIS T

Air Quality Control Permit No. 43801
for

Northern Arizona Energy, LLC

* Each turbine is equipped with selective catalytic reduction system (SCR), and oxidation catalyst unit.
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Year.;.
..-Mn,.  u -

204%-i012
Annual so, allowances NA

NOt Lim its : This  Unit is  not subject to a  NOt limit under 40 CFR Part 76.

Ye a r: 200712012
Annual S02 allowances NA

NOx Lim its : This Unit is not subject to a NOt limit under 40 CFR Part 76 .

Ye a r: 2007-2012

Annual S02 allowances N A
NOx Limits: This Unit is not subject to a NOt limit under 40 CFR Part 76 .

Ye a r: 2007-2612
Annual S02 allowances N A

NOX Lim its : This Unit is not subject to a NOt limit under 40 CFR Part 76.

ATTAC HME NT (G DS ):  P HAS E  II AC ID R AIN P R O VIS IO NS

Air  Qu a lity Co n t ro l P e rm it  No . 43801

Northern Arizona Energy, LLC

Statement of Basis

Statutory and Regulatory Authorities: In accordance with Arizona Revised Statutes, Title 49, Chapter 3

Art icle 2, Section 426.N, and Tit les IV and V of  the Clean Air Act, the Arizona Department of

Environmental Quality issues this Phase II Acid Rain Permit pursuant to Arizona Administrative Code

Title 18, Chapter 2, Article 3, Section 333 (A.A.C. R18-2-333), "Acid Rain

SON Allowance' Allocations and NOt Requirements for each Affected Unit

The Permitted shall comply with time Acid Rain Permit and 40 CFR Parts 72, 73, and 75

The Permitted shall hold S07 allowances as of the allowance transfer deadline in each Gas
Turbine Unit compliance sub-account not less than the total annual actual emissions of SON from
each gas turbine unit for the previous calendar year as required by the Acid Rain Program

The SON Allowance Requirements and NOt requirements for CTl , CT2, CTR and CT4 are as
follows

As defined under 40 CFR §72.2, "Allowance" means an authorization by the Administrator under the Acid Rain
Program to emit up to one ton of sulfur dioxide during or after a specified calendar year
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III. P e rmit Applica tion

The Permitted, and any other owners or operators of the affected units at this facility, shall comply with
die requirements contained in the Acid Rain Permit Application signed by the Designated Representative
on March 23. 2007
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TECHNICAL SUPPORT DOCUMENT

NORTHERN ARIZONA ENERGY. LLC
AIR QUALITY PERMIT no. 43801

INTRODUCTION

Northern Arizona Energy, LLC, the Permittee, has proposed to construct and operate a gas-fired peaking
power generation plant, consisting of four (4) combustion turbine generators (CTG) of 48 MW each. The
facility will be located approximately 3 miles north of the Griffith Interchange on Interstate 40 in Mohave
County, Arizona. The project will interconnect with the Western Area Power Administration (WAPA)
transmission system at the Griffith Switchyard. The project is designed to serve peak load requirements
of customers in Mohave county and surrounding regional load centers

Company Information

Facility Name

Northern Arizona Energy Project

Mailing Address

Northern Arizona Energy, LLC
1735 Technology Drive Suite 820
San Jose. CA95110

Facility Address

Apache and Haul Road
Golden Valley, AZ 86413
Approximately 3 miles north of the 1-40 Griffith Interchange in Mohave County
Arizona

Attainment Classification

The project will be located in Mohave County, which is designated as attainment or unclassifiable
for all criteria air pollutants

Learning Sites

The facility has no learning sites located within 2 miles

FACILITY DESCRIPTION

Process Description

The Northern Arizona Energy, LLC (NAE) has proposed to construct the project in a phased
manner, and at full capacity, the project will have four (4) combustion turbine generators (CTG)
of 48 MW each. The CTGs will be fired exclusively on natural gas. A chiller system will be
utilized to cool the incoming air to improve turbine efficiency and preserve peaking output dining
the hottest ambient temperature days. Other auxiliary equipment includes air filter, chiller coils
water treatment equipment, natural gas compressors, transformers and water storage tanks. Each
CTG will also be equipped witll a SPRINT (SPRay INTercooling) system to enhance turbine
efficiency and power output
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P olluta nt
S ignifica nt Thre s hold

Tons /yea r
Em is s ion Lim its  for 4 CTGs

Tons /yea r

NOt 40.0 39.0

CO 100.0 90.0

pm10 15.0 14.0

VOCs 40.0 36.0

s02 40.0 36.0

DRAFT

Air Pollution Control Equipment

The CTGs will have a water injection system to control nitrogen oxide (NOt) emissions. In
addition, a selective catalytic reduction (SCR) system will be used to further reduce NOt
emissions. Also, an oxidation catalyst will be used to reduce carbon monoxide (CO) and volatile
organic compound (VOC) emissions. The water chiller system will be equipped with a drift
eliminator

111. EMIS S IONS

A Potential Annual Emissions

The project is owned by NAE. NAE is owned by an entity that is jointly owned by LS Power
Corporation and Dynegy Corporation. Griffith Energy is also owned by Dynegy. Due to
common management of NAE and Griffith Energy (operating under a Class I Title V permit), and
location on contiguous property, the operations at NAE and Griffith Energy have been evaluated
as a single "stationary source". Consequently, NAE operations are also being covered by a Class l
Title V Permit. Potential emissions of nitrogen oxides (NOX), sulfur dioxide (SO2), and
particulate matter less than 10 microns (PM10), carbon monoxide (CO), and volatile organic
compounds (VOCs) each exceed the significant threshold. However, total allowable NOt, SO2,
CO, VOCs, and PM10 emissions are limited by enforceable permit conditions to less than the
significant level. Thus, the NAE operations will not be subject to New Source Review (NSR).
Combined potential emissions of hazardous air pollutants (HAP) for NAE and Griffith Energy are
below 10 and 25 try for individual and total combined HAP, respectively. Therefore, the facility
is not a major source of HAP emissions for the purposes of CAA Section 112 arid Article ll of
A.A.C. title 18, chapter 2.

The following emissionlimits are specified 'm the penni:

TABLE 1: Emission Limits

1. Particulate Matter

The PM1o emissions from the proposed project include emissions from the new
combustion turbines and chiller system.

a. Combustion Turbines

The maximum allowable PM10 emissions from the 4 CTGs collectively are
limited to 14.0 tons per year. Compliance with this limit is to be demonstrated
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through use of continuous fuel flow monitoring in conjunction with unit-specific
emission factors based on performance testing. Total PMI() emissions from the 4
CTGs are to be calculated and recorded monthly, based on a 12-month rolling
sum.

b. Cooling Tower

The potential PM10 emissions from the cooling tower are expected to be 0.47 tons
per year, based on 6000 hours of operation (chiller will be operated only when
ambient temperature is more than 60° F), and 345 gallons per minute
recirculation rate.

2. Nitrogen Oxides

The maximum allowable NOt emissions from the 4 CTGs collectively are limited to 39.0
tons per year. Compliance with this limit is to be demonstrated through use of a
continuous emission rate monitoring system, with total NOt emissions from the 4 CTGs
to be calculated and recorded daily, based on a 365-day rolling sum.

3. Carbon Monoxide

The maximum allowable CO emissions from the 4 CTGs collectively are limited to 90.0
tons per year. Compliance with aNs limit is to be demonstrated through use of a
continuous emission rate monitodng system, with total CO emissions from the 4 CTGs to
be calculated and recorded daily, based on a 365-day rolling sum.

4. Sulfur Dioxide (SON)

The maximum allowable S02 emissions from the 4 CTGs collectively are limited to 36.0
tons per year. Compliance with this limit is to be demonstrated through use of
continuous fuel flow monitoring in conjunction with unit-specific emission factors based
on performance testing. Total S02 emissions from the 4 CTGs are to be calculated and
recorded monthly, based on a 12-month rolling sum.

5. Volatile Organic Compounds (VOCs)

The maximum allowable VOCs emissions from the 4 CTGs collectively are limited to
36.0 tons per year. Compliance with this limit is to be demonstrated through use of
continuous fuel flow monitoring in conjunction with unit-specific emission factors based
on performance testing. Total VOC emissions from the 4 CTGs are to be calculated and
recorded monthly, based on a 12-mondi rolling sum.

Iv. APPLICABLE REGULATIONS

Section 5 of die NAE permit application presented a regulatory analysis and generally identified Federal
and State air quality regulations applicable to the proposed source and emission units. Table 2
summarizes the findings of the Department with respect to the applicability or non-applicability of
specific regulations to emission units and emission unit groups.
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Unit ID Construction
Date

Control
Device

Regulation(s) Applicable?
(Y/N)

Verification

Gas
Turbines

CT1 , CT2,
CTR, CT4

2007 Selective
Catalytic

Reduction
and

Oxidation
Catalyst

NSPS Gen. Provisions Y Units are subject to an NSPS
rule. See below.A.A.C R18-2-901(1)

40 CFR 60 subpart A

NSPS Subpart KKKK Y Each combustion turbine has
heat input greater than 10 million
B t u  per  hour  and wi l l  be
constnxcted after 2/18/2005.

40 CFR § 60.4305

NSPS Subvert KKKK Y Each combustion turbine is
subj et to NOt standards for gas-
fired units with heat input equal
to or greater than 10 million Btu
per hour and less Dian 850
million Btu per hour.

40 CFR §60.4320

NSPS Subpart KKKK Y Each combustion turbine is
subject to S02 standards for units
located in die continental U.S.

40 CFR §60.4330

NSPS Subpart KKKK Y Each combustion turbine is
subject to NOt monitoring
requirements for units equipped
with water injection. Permitted
has elected to use continuous
emissions monitoring systems.

40 CFR § 60.4335,
40 CFR § 60.4345,
40 CFR § 60.4350

NSPS Sub ran KKKK Y Each combustion turbine is
subject to SON monitoring and
recordkeeping requirements.
Permittee has elected to maintain
records of iiuel specifications
from tariff or contract.

40 CFR §60.4365

NSPS SubDa11 KKKK Y Each combustion Mbine is
subject to NOt reporting
requirements. Permitted has
elected to use continuous
emissions monitoring systems.

40 CFR § 60.4375
40 CFR §60.4380



Y Each combustion turbine is
subject to NOt performance
testing requirements. Permittee
has elected to use continuous
emissions monitoring systems.

Y Each combustion turbine is
subject to S02 performance
testing requirements.

NSPS Subpart KKKK
40 CFR §60.4405

NSPS Subvert KKKK

NSPS Subpart GG
A.A.C R18-2-901(40)

Y Each combustion turbine was
constructed after October 3,
1977 and has a heat input at peak
load greater than 10.7 gigajoules
per hour. NSPS subpart KKKK
includes an exemption &om
complying with the provisions of
subpart GG, but this exemption
does not extend to A.A.C Rl8-2-
901(40) until such time as
subpart KKKK is incorporated
into the A.A.C. The
requirements of subpart GG are
applicable, but have been
incorporated into the permit only
by reference, as the exemption is
expected to take effect prior to
startup of these combustion
turbines.

Acid Ra in Program
A.A.c. R18-2-333

40 CFR 72 .. 78

Y Ea ch combus tion turbine  is  a
utility unit.

NES HAP Subpart
YYYY

N 40 CFR 63 Subpalt YYYY
applies to stationary combustion
turbines located at major sources
of HAP emissions. NAE is an
area (i.e., non-major) source of
HAP.

PSD
A.A.C. R18-2-406
A.A.C. R18-2-407

N Permittee has voluntarily
accepted limitations on criteria
pollutant emissions to ensure
that the project will not result in
a significant net emissions
increase.

Compliance Assurance N Each combustion turbine uses a
control device only for NOt and
CO emissions. For each of these
pollutants, the permit specifies
use of CEMS as "a continuous
compliance determination
method". Therefore, CAM is not
applicable.

Monitoring
40 CFR 64

DRAFT
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Chiller
system and

aqueous
ammonia
storage

2007 Drift
Eliminator

A.A.C R18-2-702(B) Y Unit is subject to the generally
applicable opacity emission
standard because it is not subject
to any other opacity standard.

A.A.C R18-2-730 Y Unit is subject to the generally
applicable emission standard and
conditions as these are
unclassified process sources

DRAFT

v. MONITORING, RECORDKEEPING, AND REPORTING REQUIREMENTS

A. Combustion Gas Turbines

1. NSPS Requirements

As shown in Table 2, each combustion turbine is subject to the NOt and S02 emission
standards and the accompanying monitoring, recordkeeping, and reporting requirements
under 40 CFR 60 subpart KKKK. These provisions include a requirement to operate a
continuous emission monitoring system for NOt emissions, and to maintain records of
current valid natural gas purchase contract, specifying maximum total sulfur content to
demonstrate compliance with sulfur limit.

2. Fuel Restriction

Each combustion turbine is permitted to bum only pipeline quality natural gas.

3. Synthetic Minor NOt and CO Emission Limits

The Permitted has voluntarily accepted enforceable emission limits that will ensure that
the proposed project will not result in a significant net emissions increase that would
trigger PSD applicability. The Permitted is required to use continuous emission rate
monitoring systems to demonstrate continuous compliance with diesel limits.

4. Synthetic Minor PM10 Emission Limit

The Permittee has voluntarily accepted an enforceable emission limit that will ensure that
the proposed project will not result in a significant net emissions increase that would
trigger NSR applicability. The Permittee is required to use continuous fuel flow
monitoring systems, in conjunction with performance test results, in order to demonstrate
continuous compliance with this limit. For calculating emissions, the most recent
performance test results shall be used to calculate emissions.

5. Synthetic Minor S02 and VOC Emission Limits

The Permitted has voluntarily accepted enforceable emission limits that will ensure that
the proposed project will not result in a significant net emissioNs increase that would
trigger NSR applicability. The Permittee is required to use continuous fuel flow
monitoring systems, in conjunction with performance test results, in order to demonstrate
continuous compliance with this limit. For calculating emissions, the most recent
performance test results shall be used to calculate emissions.
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Chiller System

The Permitted is required to perform monthly survey of visible emissions from the chiller system
If the opacity appears to exceed the standard, the Permittee is required to conduct EPA Method 9
observation by a certified EPA Reference Method 9 observer

PERFORMANCE TESTING REQUIREMENTS

A. NSPS Requirements

Each combustion turbine is subj act to the NOt and S02 emission standards and the accompanying
performance testing requirements under 40 CFR 60 subpart KKKK.

B. PM10

The Permitted is required to perform an initial performance test for PM10 emissions using EPA 5
and EPA Method 202 within 60 days after achieving 300 fired hours on the CTG. Subsequent
performance test shall be performed annually.. If at the end of any month, the 12-month rolling
total of PMn emissions for the 4 CTGs exceeds 13.5 tons, the test frequency shall change to
semi-annual.

c. VOC

The Permitted is required to perfonn an initial performance test for VOC emissions within 60
days atlee achieving 300 fired hours on the CTG. Subsequent performance test shall be
performed annually. Performance test for VOC emissions shall be performed using EPA
Methods 25A/25B.

D. Ammonia

The P ermitted is  required to a n a nnua l perform tes t for a mmonia  s lippa ge.

VII. IMPACTS TO AMBIENT AIR QUALITY

A dispersion modeling analysis was conducted by the Permitted to demonstrate compliance with National
Ambient Air Quality Standard (NAAQS) and Arizona Ambient Air Quality Guideline (AAAQGs). The
modeling analysis design, input parameters, and results are documented in Section 4 of the permit
application. The modeling analysis took into consideration the combined impact of existing Griffith
Energy facility and Northern Arizona Energy project, and the background ambient air quality data
provided by ADEQ. The modeling analysis was reviewed, and the Department concluded that the
modeling demonstrated compliance with body the NAAQS and the AAAQG. The results of the modeling
analysis are summarized below:
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P olluta nt Ave ra ging
P e riod

Modeled
Conc.

(NAEP+

Griffith)

(Mg/m3)

Background
Conc.

(H8M3)

Tota l
Im pa ct

(pg/m3)

NAAQS

(p8/m3)

Tota l Impa ct

(% of S ta nda rd)

NOt Annua l 8 4 12 100 12%

son 3-hour 8 246 254 1,300 20%

24-hour 2 52 54 365 15%

Annua l 0.3 6 6.3 80 8%

CO l -hour 590 582 1172 40,000 3%

8-hour 94 582 676 10,000 7%

PM10 24-hour 14 46 60 150 40%

Annua l 1 14 15 50 31%

AAAQG Pollutant
1 -Hour
Im pa c t

(H8/1143)

1-Hour
AAAQ G

(p8/m3)

24-Hour
Im pa c t

(u9m3)

24-Hour
AAAQ G

(p8/m3)

Annual
Impact

(H8/I113)

Annual
AAAQG

(ug/m3>

l ,3 -Butadiene 1.78E-03 7.20E+00 2.90E-04 1 .90E+00 2.00E-05 6.70E-02

Ace ta ldehyde 1.67E-01 2.30E+03 2.76E-02 1 .40E+03 2.0E-05 5.00E-01

Ac ro le in 2.76E-03 6.70E+00 4.63E-03 2.00E+00

Ammonia 1 .69E+00 1 .40E+02

Benzene 6.57E-02 6.30E+02 1.16E-02 5.10E+01 1.04E-03 1.40E-01

MEthylbenzene 1.51E-01 4.50E+03 2.58E-02 3.50E+03

Formaldehyde 9.46E-01 2.00E+01 1.57E-01 1.20E+01 1.12E-02 8.00E-02

He xa ne 7.26E-01 5.30E+03 1.20E-01 1 .40E+03

Na phtha le ne 8.15E-03 6.30E+02 1.46E-03 4.00E+02

P ropyle ne  Oxide 4.45E+00 1 .50E+03 2.37E-01 4.00E+02 3.77E-02 2.00E+00

Tolue ne 6.12E-01 4.70E+03 1.04E-01 3.00E+03

Xymenes 3.20E-01 5.50E+03 5.52E-02 3 . 50E+03

DRAFT

Table 3: Summary of Maximum Modeled Concentrations and NAAQS Compliance

Table 4: Summary of AAAQG Modeling Results

VIII . IN S IG N IF IC AN T A C T IVIT IE S

The applicant has requested the following activities to be deemed as "insignificant". According to A.A.C.
R18-2-l01.57, for an activity to be deemed "insignificant", there should be no applicable requirement for
the activity. This was the basis used to determine if the activities in the following list qualify as an
"insignificant" activity under Arizona law.

Permit No. 4380] Page 8 off June 14, 2007



Activity Ins ignificant
Yes /No

Reason and Applicable
Regulation

Turbine Compartment Ventilation Exhaust Vents Ye s A.A.C. R18-2-101.576)

Compressed Air System Yes A.A.C. R18-2-10l.57(j)

Turbine  Lube  Oil Va por e xtra ctors  a nd Lube  Oil
Mist e liminator Vents

Ye s A.A.C. R18-2_101.576)

Sulfuric Acid Storage tanks Vents Yes A.A.C. R18-2-101.570)

Welding Equipment Yes A.A.C. R18-2-l01.57(j)

Water Wash System Storage tank vent Yes A.A.C. R18-2-101.570)

Fuel Purge Vents Yes A.A.C. R18-2-101.570)

Oil/Wa te r S e pa ra tor Wa s te  Oil Colle ction Ta nk
Vents

Ye s A.A.C. Rl8-2-l01.57(j)

DRAFT

TABLE 5:  INS IGNIFICANT ACTIVITIES

LIS T OF ABBREVIATIONS

AAAQG..
A.A.C..
ADEQ..
ADHS
AQD .,
AQG. _
Btu/f=t3
CO .
co ,  .
FERC u

.. Arizona Ambient Air Quality Guideline
, Arizona Administrative Code

.Arizona Department of Environmental Quality
..Arizona Department of Health Services

..Air Quality Division
. Air Quality Guidelines

British Thermal Units per Cubic Foot
,.Carbon Monoxide

.Carbon Dioxide
. Federal Energy Regulatory Commission

.Feetft..
g.~
HAP .
hp..
hr..
1c.~
lb of
m .
MMBtu u
pg/m3.
MMCFD ,
NAAQS ..
p ox
03
PM |
p1v1,0.
PTE..
son .
TPY u
TSP
USEPA
VOC..
yr..

,. Particulate Matter Nominally

. Grams
.Hazardous Air Pollutant

.Horsepower
, Hour

.Internal Combustion
. Pound
.Meter

-Million British Thermal Units
..Micrograln per Cubic Meter
. Million Cubic Feet Per Day

..National Ambient Air Quality Standard
Nitrogen Oxide

| Ozone
.Particulate Matter

less than 10 Micrometers
. Potential-to-Emit

.Sulfur Dioxide

..Tons per Year
.. Total Suspended Particulate

..United States Environmental Protection Agency
.Volatile Organic Compound

.Year

Permit No. 43801 Page 9 off June 14, 2007
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1.0 BACKGROUND

The  Northe rn Arizona  Ene rgy P roje ct (NAEP ) is  propos ing to ins ta ll a  175 MW na tura l
gas  fired s imple  cycle  power plant loca ted adjacent to the  Griffith Energy Project south of
Kins ma n, Arizona . Ra w wa te r will be  re quire d for proce s s  wa te r s upply. The  wa te r
demand will average  160 acre -fee t pe r year (ac-ft/yr) based on an expected 2,500 annua l
ope ra ting hours . The  "the ore tica l wors t ca s e " wa te r de ma nd is  268 a c-ft/yr which is
ba s e d on a  hypothe tica l 5,000 a nnua l ope ra ting hours . The  Northe rn Arizona  Ene rgy
Project is  expected to opera te  for 40 years .

The  propose d wa te r supply for the  NAEP  is  ground wa te r from the  S a cra me nto Va lle y
Aquife r pumpe d by the  Moha ve  County Wa te r S ys te m We ll Fie ld (County We ll Fie ld)
loca te d in S e ctions  10, ll, 14, a nd 15, Towns hip 19 North, Ra nge  18 We s t. The  we ll
fie ld is  loca ted approxima te ly two mile s  southwest of the  NAEP Project S ite .

Re ports  a nd da ta  source s  utilize d in this  curre nt a na lys is  to docume nt the  a va ila bility of
ground wate r from the  County Well Fie ld a re  re fe renced be low.

•

•

•

•

Arizona  Department of Wate r Resources  (ADWR) Records .
ADWR, 1994 S ta ff Re port on Kins ma n Are a  Wa te r S upply a nd De ma nd,
(Regarding need to e s tablish an AMA in the  Sacramento or Hua lapa i Bas ins).
P hoe nix, Arizona .
Arizona  De pa rtme nt of Wa te r Re s ource s , Augus t 14 , 2006. Ana lys is  of
Ad e q u a te  W a te r S u p p ly - G o ld e n  Va lle y 5 8 0 0 . F ile  Nu m b e r 2 3 -
401823.0001. S igne d by S a ndra  Fa britz-Whitne y, Ass is ta nt Dire ctor, Wa te r
Ma na ge me nt Divis ion.
Errol L. Montgome ry & Associa te s , Inc. July 25, 2005. Consulta nts  Re port -
Re giona l Hydroge ology, S ource  of Wa te r S upply, a nd P roje cte d 100-Ye a r
Dra wd o wn  Imp a c ts  in  th e  Vic in ity o f th e  Go ld e n  Va lle y S o u th  Ma s te r
P lanned Community, Mohave  County, Arizona .
Mar e ra , Inc . Augus t 3 , 1998. Consultants Re port - P re limina ry
Hydroge ologic Eva lua tion, Griffith Ene rgy We ll Fie ld, S a cra me nto Va lle y,
Moha ve  County, Arizona .
Ma n tra ,  In c .  No ve m b e r 1 3 ,  2 0 0 6 .  C o n s u lta n ts  R e p o rt - Hyd ro lo g ic
Eva lua tion, S a cra me nto Va lle y, Moha ve  County, Arizona , Golde n Va lle y
County Improve me nt Dis trict No.1 Re port.
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2.0 SACRAMENTO VALLEY AQUIFER

2.1 Aqu ife r Ge ome try

The  Sa cra me nto Va lle y ground-wa te r ba s in is  comprise d of a  thick se que nce  of a lluvia l
depos its  unde rla in by granitic, me tamorphic, and volcanic bedrock. The  a lluvia l depos its
range  in thickness  from zero fee t a long the  basin margins  to grea te r than 3,200 fee t in the
north-ce ntra l portion of the  ba s in. The  lowe r a lluvia l unit is  the  prima ry a quife r in the
Sacramento Valley ground-water basin

A s umma ry of the  de pth to be drock a nd the  ground-wa te r s urfa ce  in the  S a cra me nto
Va lle y a nd s tudy a re a  is  pre se nte d in Atta chme nt I (Montgome ry, 2005). Re vie w of this
figure  and ground-wa te r leve l da ta  from ADWR indica tes

1) Depth to bedrock is  grea tes t in the  north-centra l portion of the  bas in and is
a pproxima te ly 1,600 to 3,200 fe e t be low la nd surfa ce  (bis ) in the  County
Well Fie ld a rea ,
ground-wa te r flow direction is  south a long the  axis  of the  va lley, and
d e p th  to  g ro u n d  wa te r  a t  th e  C o u n ty  W e ll F ie ld  ra n g e s  fro m
a pproxima te ly 530 to 630 fe e t bis  due  s pe cifica lly to va ria tions  in la nd
surface  e leva tions  (Figure  1, Attachment II).

The  s a tura te d thickne s s  of the  re giona l a quife r in the  vicinity of the  County We ll Fie ld
wa s  cons e rva tive ly ca lcula te d to be  770 fe e t. Tha t thickne s s  is  ba s e d on a  de pth to
be drock o f 1 ,400  fe e t b is  a nd  a  de p th  to  g round  wa te r o f 634  fe e t b is  (Figure  l,
Attachment II; see  we ll # 55-580149).

Us ing a  ge ne ra lly a cce pte d rule  tha t the  pra ctica l re cove ra ble  volume  of ground wa te r
from the  a quife r is  66% of the  tota l s a tura te d thickne s s , a nd ba s e d on a  s a tura te d
thickne s s  of 770 fe e t a t the  County We ll Fie ld, this  e qua te s  to a  proje cte d ma ximum
drawdown of 508 fee t (770 fee t x 66%) or recoverable  depth to wate r of 1,142 fee t bis .

2.2 Aquife r Pa ra me te rs

The  a quife r pa ra me te rs  of tra ns mis s ivity (ga llons  pe r da y pe r foot) a nd hydra ulic
conductivity (ga llons  pe r day pe r square  foot), including the  te s ting conducted by Mar e ra
a t the  County Well Fie ld, were  summarized and reported by Montgomery (2005). Review
of the se  a quife r te s t re sults  indica te s  tha t the  a quife r tra nsmiss ivity of the  lowe r a lluvia l
unit ranges  from 17,000 god/ft to 200,000 god/ft, and the  specific yie ld is  approxima te ly
0.07.

ADWR use d a n a ve ra ge  tra nsmis s ivity va lue  of 33,750 god/ft, a  spe cific yie ld of 0.07,
a nd a n a ve ra ge  a quife r sa tura te d thickne ss  of only 435 fe e t in its  re vie w of the  Golde n
Va lle y 5800  Ana lys is  o f Ade qua te  S upp ly App lica tion  (Atta chme n t III,  Office  o f
Assure d a nd Ade qua te  Wa te r S upply, Hydrology Re vie w, File  No. 23-401823, Golde n

2



Valley 5800). The Golden Valley 5800 proposed withdrawal site  is  located four miles
north of the County Well Field

The  more  conse rva tive  ADWR-a pprove d a quife r pa ra me te rs  a re  use d in this  re port to
eva lua te  the  NAEP pumping impact on the  aquife r (Section 4.2)

3



CURRENT AND PROJECTED REGIONAL GROUND-WATER .DEMAND

P ro je c t Pumped
Volume
(acre-

feet/year)

Source Remarks

Golden
Valley 5800
(Nmodes
Homes)

l4,7l4* Montgomery, July, 2005. Regional
Hydrogeology, Source of Water
Supply, and Projected 100-Year
Drawdown Impacts in the Vicinity
of the Golden Valley South Master
Planned Cormnunity, Mohave
County, Arizona.

Montgomery (2005) Application
with impact analysis was for
14,714 ac-f/yr. *Anwar
approved only 9,000 acre-feet
per year; therefore, the
Montgomery projected
drawdown impact is overstated
by approximately 40% versus
the ADWR allowable pumping
rate.

Gv1D 7,211

I

Mar era, November 13, 2006.
Hydrologic Evaluation, Sacramento
Valley, Mohave County, Arizona,
Golden Valley County
I movement District No.l.

GOD demand - 1,400 ac-ft/yr;
Valley Pioneer Water Company
- 2,811 ac-ft/yr; Mineral Park
Mine Call - 3,000 ac-ft/yr.

Mohave
County Water
System
(County Well
Field)

5,323 Monera, August 3, 1998.
Preliminary Hydrologic Evaluation,
Griffith Energy Well Field,
Sacramento Valley, Mohave
County, Arizona.

This pumped volume represents
the "worst case" - maximum day
pumping 365 days per year. The
more probable pumping rate is
projected at 3,060 ac-ft/yr.
However, the actual pumping
rate for 2001 - 2006 averaged
only about 1,200 ac-it/yr.

NAEP 268 Norther Arizona Energy, LLC,

I

"Worst case" - maximum
theoretical 5,000 operating
hours. Probable pumping 160 ac-
ft/ and 2,500 o rating hours.

Total Impact 27,516
(z1,s02)**

Represents worm case conditions
which are not anticipated to
occur. "Accounts for ADWR
approved 9,000 ac-ft/yr (out of
14,714 ac-ft/yr requested) for
the Golden Valley $800
Project.

3.0 REGIONAL GROUND-WATER PUMPING

The major current and projected demands on the regional aquifer are presented in the
chart below.
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REGIONAL PUMPING IMPACTS

P roject Pumped
Volume

(acre~
feet/year)

Time

(Years)

Drawdown
Impact at County

Well Field
(feet)

Source Remarks

Golden
Valley 5800
(Rhodes
Homes)

l4,7l4* 100 115

The ADWR
approved volume
of 9,000 ac-fl/yr

results in a
drawdown of
approximately
40% less, or 61

feet.

Montgomery, July, 25
2005. Regional
I-Iydrogeology, Source
of Water Supply, and
Projected l00~Year
Drawdown Impacts in
the Vicinity of the
Golden Valley South
Master Planned
Community, Mohave
County, Arizona.

Golden Valley
5800
Application and
impact analysis
was for 14,714
acre-feet per
year. *ADWR
approved only
9,000 ac-ft/yr.

GVID 1,211 100 55 Maned, November 13,
2006. Hydrologic
Evaluation, Sacramento
Valley, Mohave
County, Arizona,
Golden Valley County
Improvement District
No.l .

GVID demand
- 1,400 ac-ft/yr,
Valley Pioneer
Water Company
- 2,811 ac-ft/yr,
Mine Call -
3,000 ac-ft/yr.

Mohave
County
Water
System
(County Well
Field)

5,323** 40 110

"The more
probable

pumping volume
of 3,060 ac-ft/yr

results in a
drawdown of 70

feet (Monera,
1998).

Mar era, August 3,
1998. Preliminary
Hydrologic Evaluation,
Griffith Energy Well
Field, Sacramento
Valley, Mohave
County, Arizona.

Worst Case -
maximum day
pumping 365
days per year.
** Probable
pumping is
3,060 ac-ft/yr.

4.0 AQUIFER IMPACT ANALYSIS

The  proje cte d re giona l a quife r impa cts  pre s e nte d be low incorpora te  ca lcula tions  a nd
conclus ions  prepa red by Mantra  (1998, 2006) and Montgomery (2005). These  ana lyse s
used the  THWELLS ana lytica l me thod

4.1 Go ld e n  Va lle y, GVID, a n d  Griffith  En e rg y P ro j e t Aq u ife r Imp a c ts
P re vious  inve s tiga tions  into pumping impa cts  on the  re giona l a quife r unde rlying the
County We ll Fie ld include  Mone ra  (1998, 2006) for the  Griffith  Ene rgy P roje ct a nd
GVID, re s pe ctive ly, a nd Montgome ry (2005) for Golde n Va lle y 5800. The  proje cte d
impacts  of those  projects  and investiga tions  a re  presented in the  following chart



GRIFFITH ENERGY GROUNDWATER PROJECTED AND ACTUAL USE

Griffith Energy Demand Annual Volume
(acre-feet/year)

Remarks

Estimated Probable Case 3,06o* Based on expected operating
profile.
* Monera, 1998.

Estimated Worst Case 5,323* Continuous maximum peak
demand, 365 days/yr.
*Monera, 1998.

Average Actual Case
(from 2001 through 2006)

l,200**

1

Actual use range: 875 - 1,600

ac-8/yr.

"Gr i f f i th  Ev er , 2007.

Selected portions from the Golden Valley 5800 (Montgomery, 2005), GVID (Monera,
2006),  and Gr iff i th Energy Well F ield (Mar  era ,  1998) r epor t s  a r e presented in
Attachment W, for reference.

In the 1998 Report, Mar era analyzed the potential impacts on the Sacramento Valley
aquifer using the "probable" and "worst case" water demand scenarios. However, due to
the electric power market conditions from 2001 through 2006, the annual operating hours
and actual water demand for the Griffith Energy Project resulted in annual pumping
volumes that were considerably less than the estimated scenarios. See below:

Actual water use over Griffith Energy's first six years of operation was approximately
24,702 ac-ft less than the calculated impact of the "worst case" pumping scenario that
was the basis for Maner 's (1998) impact analysis (Attachment V). This savings in
pumped water is equivalent to 92 years of pumping the "worst case" NAEP demand at
268 ac-ft/yr, or 154 years under the likely annual pumping volume of 160 ac-fi:/yr. As a
result ,  the impact of the proposed new NAEP demand on the aquifer  over  its entire
project life of 40 years has already been taken into account as part of the initial aquifer
impact projections (Mar era, 1998) for the Griffith Project and by subsequent studies.
Therefore, no additional impacts on the underlying regional aquifer, beyond those already
accounted for in the relevant aquifer smdies, will occur as a result of the proposed NAEP
ground-water demand.

4.2
The impact analysis of the proposed NAEP water demand on the regional aquifer was
calculated by SGC using aquifer parameters approved by ADWR in its review of the
Golden Valley 5800 Analysis of Adequate Water Supply, and the program THWELLS v
4.01 multi-Theis analysis software (van Der Heijde, 1996). The THWELLS analysis
simulates one production well using the "worst case" pumping rate of 268 ac-ft/yr, and
image well boundaries consistent with the boundary locations used by Montgomery
(2005).  The locations of the proposed well and image well boundaries are shown in
Attachment VI (Figure 2).

NAEP Aquifer Impact
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Cons ide ring only a quife r impa cts  ca use d by NAEP 's  "wors t ca se " withdra wa l s ce na rio
the  ma ximum dra wdown a t the  pumping  we ll wou ld  be  15  fe e t a fte r 40  ye a rs  o f
continuous  pumping  (s e e  Atta chme nt VI, Figure  2). Alte rna tive ly, the  proje cte d
drawdown would be  5.7 fee t a t a  dis tance  of 1,000 fee t from the  pumping we ll. As  noted
a bove , Ma r e ra  (1998) conclude d tha t the  Griffith Ene rgy P roje ct withdra wa ls  ove r 40
yea rs  would re sult in a  drawdown of l10 fee t a t the  we ll for the  "wors t ca se ," and 70 fee t
for the  more  proba ble  pumping volume . Howe ve r, the  a ctua l a nnua l pumping volume s
have  been conside rably le ss  than even the  "probable  case ." Thus , actua l drawdowns a re
less  than those  projected. Consequently, combining the  projected 15 fee t of drawdown a t
the  pumping we ll unde r NAEP 's  "wors t ca se " s ce na rio with the  a ctua l dra wdown like ly
re sults  in a  tota l impact tha t is  s till le ss  than Mantra 's  (1998) previous ly projected impact
for the  County We ll Fie ld of l10 fe e t

4.3 Cu mu la tive  Aq u ife r Imp a c t

The  proje cte d dra wdown a t the  County We ll Fie ld wa s  conse rva tive ly e s tima te d us ing
wors t ca s e " a nnua l pumping for NAEP  (40 ye a rs ), the  Griffith  Ene rgy P roje ct (40

ye a rs ), the  Golde n Va lle y 5800 (100 ye a rs ), a nd GVID proje cts  (100 ye a rs ), a s  we ll a s
accounting for the  regiona l decline  trend. A schematic of the  drawdown projections  a t the
County Well Fie ld is  pre sented in Attachment VII, Figure  3

Ba se d on the se  proje cte d wors t ca se  withdra wa ls , the  cumula tive  a quife r impa ct a t the
County We ll Fie ld is  395 fe e t. This  proje cte d dra wdown is  le s s  tha n the  508 fe e t tha t
compris e s  the  s a tura te d thickne s s ' pra ctica l re cove ra ble  volume  (66% of s a tura te d
thickness , Section 2.1). Thus , even a fte r cons ide ring the  projected "wors t ca se" demand
of a ll othe r ma jor ground-wa te r pumping, NAEP, and regiona l trends , the  aquife r s till has
additiona l pumping capacity a t the  County Well Fie ld

4.4 Summary

The  Northe rn Arizona  Ene rgy P roje ct's  ma ximum pumping re quire me nt is  10,720 a cre
fe e t ove r 40 ye a rs . P ro je cte d  dra wdown a t the  pumping we ll ca us e d  by NAEP 's
ma ximum pumping re quire me nt is  15 fe e t. NAEP 's 40-ye a r pumping re quire me nt a nd
projected drawdown, howeve r, a re  a lready accounted for in wa te r savings . This  savings
is  due  to the  diffe re nce  be twe e n the  County We ll Fie ld's  initia l proje ctions  a nd a ctua l
pumping from 2001 through 2006. Specifica lly, the  County Well Fie ld saved 24,702 acre
fe e t ove r the  firs t s ix ye a rs  of ope ra tion, or more  tha n two time s  NAEP 's  ma ximum
life time  pumping re quire me nt. Conse que ntly, no a dditiona l impa ct on the  a quife r will be
rea lized due  to NAEP
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ATTACHMENT II

Figure  1 - Well Loca tions , Depth to Water, and Sa tura ted Thickness
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ATTACHMENT III

ADWR Office  of Assured and Adequa te  Wate r Supply, Hydrology
Review, File  No. 23-401823, Golden Va lley 5800

•



ARIZONA DEPARTMENT OF WATER RESOURCES
Office of Assured and Adequate Water Supply

500 North Third Street. Phoenix. Arizona 85004
Telephone (602) 417-2465

Fax (602)417-2467

Janet Napolitano
Governor

Herbert R. Guenther
Director

ANALYSIS OF ADEOUATE WATER SUPPLY
October 19. 2005

File Number
Development
Location

Land  Owner

23-401823.0000
Golden Valley 5800
Township 20 North, Range 18 West, Sections 2, 3, 4, 8, 9, 10, 11, 14, 16
Township 21 North, Range 18 West, Section 34
Mohave County, Arizona
American LandManagement, L.L.C

The Arizona Department of WaterResources has evaluated the Analysis of Adequate Water Supply
application for Golden Valley 5800pursuant to A.A.C. R12-15-723. The proposed development includes
32,000 single-familyresidential lots. Water provider for the master plannedcommunity has not yet been
selected. Conclusions of the review are indicated below based on die adequate water supply criteria
referenced in A.R.S. §45-108 and A.A.C. R12-15-701, 715, 723 et seq

Physical, Continuous, and Legal Availability of Water for 100 Years
On the basis of the Department's review, the Department has determined that 9,000.00
acre-feet per year of groundwater will be physically available, which is less Dian the
applicant's projected build out demands for the development, including system losses, of
15910.90 acre-feet per year. The application did not specify a provider, and the water
provider has not yet been selected. Therefore, both legal availability andcontinuous
availability of the water are not proven at this time. These requirements of anAnalysis
of Adequate Water Supply will be re-evaduated for each application for a Water
Adequacy Report. Applications for Water Adequacy Reports that follow the Analysis of
Adequate Supply will need to reference this letter to demonstrate physical availability
Individual Notices of Intent to Serve will be required for each application for a Water
Adequacy Report

Adequate Water Quality
Water quality has not been demonstrated at this time. This requirement of an Analysis of
Adequate Water Supply will be re-evaluated for each application for a Water Adequacy
Report

Celebrating 25 Years



The term of this Analysis of Adequate Water Supply is ten years from the date of this letter and may be
renewed upon request, subject to approval by the Department. Throughout the term of this determination,
the projected demand of this development will be considered when reviewing other requests for adequate
water supply in the area.

Prior to obtaining plat approval by the local platting authority and approval of the public report by
the Department of Read Estate, a Water Adequacy Report must be obtained for each subdivision
plat. The findings of this Analysis of Adequate Water Supply may be usedto demonstrate that
certain requirements for a Water Adequacy Report have been met. This determination may be
invalidated if the development plan or other conditions change prior to filing fore Water Adequacy
Report.

Questions may be directed to the Office of Assured/Adequate Water Supply at (602) 417-2465 .

Whitney, Ass'
WaterManagement Division

Andra Fabritz-

cc: Greg Wallace, E. L. Montgomery and Associates
Alan R. Dulancy, Office of Assured/Adequate Water Supply

0

Celebrating 25 Years



23-401823.0000
GOLDEN VALLEY S800

Arizona De vartmenf of Water Resow
OFFICEOF SURED AND ADEQUA TE WA TER SUPPLs

500 NORTH THIRD STREET
PHQEN/X, ARIZONA 550404-3921

(602)417-2460

APPLICATION FOR AN ANALYSIS OF WATER ADEQUACY
(Refer to application guidelines for assldancc In completing this form)

PART A I GENERAL INFORMATION

Name of  development:

Location: 2 0 N
Township

G ol d en  V a l l ey f 5 8 0 0

1 8 W 2,3,4,8,9,10,11 ,t4,18 M o h a v e

Range SeclkJn(s) County

Location: 1 BW 3 4 M o h a v e

Township Range Sedion(s) County

2 1 N

a. Owner Name: AM ERICAN LAND M ANAGEM ENT LLC

4730 South Fort Apache Road, Suite 300 - Las Vegas, NV 89147

Phone: 702-873-5582 Address:

4 . Water Provider: Pioneer Valley water co. or new water comparty (u undecided ) P h o n e : Address:

s . Consultant Name: Errol L. Montgomery and Associates, Inc.
Address: 7949 Ead Afore Drive, Suite 100 Scottsdale, AZ. 85260

Phone: 48-948-7747

Primary Contact
Phone:602-818-2399

PART B _ WATER DEMAND INFORMATION

1.
- in

Include a map of the proposed development, and reference as an attachment: Attatchment 1

Number of  lots: 32,000 Size of  lots: 7500 Total Acreage: 5,800

:ills

3. Total demand projected for development: 16,000

Projected water demand per residential lot: .so

Non-Residential demands: Golf  course: 600

acrefeet (AF) per year

gallons per day

AFIyear Parks: 230

Other (specify):

AF/year Lakes: AF/year

AF/year

Expected year of  completion (build-out): 2015

was

DWR 23-000001 (Rev 7/7197)
AAWA . 7/7/97

6.

2.

2.

4.



PART c- WATER SUPPLY INFORMATION

Please indicate source(s) of water to be used: l Groundwater __ Surface Water __ Effluent

(If the sources includes non-groundwater supplies, please complete 'Supplement C.")

Provide a hydrologic study, and reference the attachment

3 .  a . Method of water distribution: L central distribution system _ dry lot subdivislon (individual wells)

If water is to be obtained from a water provider, include a 'Notice of Intent to Serve" agreement and reference the
attachment

4.

mu

If any wells proposed to serve the development are within one mile of a Water Quality Assurance Revolving Fund or
SuperfUnd site (or any monitor wells associated with the site), or if the proposed water supply fails to meet safe
drinking water quality standards, provide a study identifying and describing this water and reference the attachment:
N/A

van

5. If a 'Letter of Water Availability' has previously been Issued for this provide a copy of the document and reference
the attachment: Na

PART D» FEES

The application fee for an Analysis of Water Adequacy is S1,000. The payment may be made by cash, check. or in some
cases, by entry in an existing Department fee credit account. Checks should be made payable to the Department of Water

Resources. Failure to enclose the required fees will cause the application to be returned.

Fee for Application ff Analysis Qf Water Adequacy: s 1000.99

.man

#

: ills

I DO HEREBY certify that the information containedin this application and all Information accompanying it is true and correct

to the best of my knowledge and belief.

4 I44;
Owner Name (Please type or print)

4' 4
Signature Date

DWR23-000001 (Rev 7/7197) AAWA . 717197

#K



ARIZONA DEPARTM ENT OF WATER RESOURCES
OFFICE OF ASSURED WATER SUPPLY

500 NORTH THIRD STREET
PHOENIX, ARIZONA 85004

(602)417-2460

SUPPLEMENT TO APPLICATION FOR AN ANALYSIS OF
ADEQUATE WATER SUPPLY

NOTICE OF INTENT TO SERVE

na-
Municipal Water Provider Name (please type or print): V Q V K W N S  N b u r v f o l n  W a l e r C e m p n n q

ADEQ Public Water System Number (please indicate the number valid for this subdivision):

-£-1Q1¢¢r1-V-Q~llS>l- 5ou+hSubdivision/Development Name:

The undersignedmunicipal water provider agrees to provide to the developmentindicated above an amount
of water sullicientto satisfy the water demands d the development as stared in the application for an analysis
of adequate watersupply or water adequacy. TNs Noticeof Intent to Serve is conditionedupon the provider's
receipt of necessary approvals from the Arizona Corporation Commission and other regulatory agendas, and
the provider's receipt of all necessary payments.

The municipal water provider, if a private water °°MP3*W» further attests that the rubied development is either
within the boundaries of the companys existingCertificate of Convenience and Necessity or that a formal
request has been filed with the Arizona Corporation Commission to extend the boundaries to induce the
development,

This Notice of Intent To Serve Agreement is agreed to under the signature of an agent of the municipal water
provider authorized to sign the agreement:

agent (please type orprint): \ / i n IS \SO VX

1-un

Name of Municnpal/'ljater P' rove author '

si¢6a1ilr€ of Autnmizea 94 of muniaéwater Provider

14

. » '°
, r .

.

.

qv-



0w2w2u05 THU 5:51 FM 450 948 8737 E.L. MUNTGUMERY K: ASSUC 4002/002

AFFIDAVIT OF AUTHORITY

I, Charles Sakura, the undersigned authority, hereby declare under penalty d
perjury that I have the right and the authority to execute any and all documents
on behalf of American Land Management, LLC including but not limited to the
Arizona Department of Water Resources Application for an Analysis of Water
Adequacy together with any supplements thereto

'ca
Dated this /6- day of Febnuaiy, zoos

Charles Sakurai', Manager
American Land Management, LLC

5
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tall!

Parcel Information (Click for Tax Information)

2005

215-01-080 Click for Improvement Information

UNK STREET ADDRESS

DESERT COMMUNITIES INC ATTN: M WALKER

4730 S FORT APACHE RD STE 300 I LAS VEGAS I NV 89147

0430

$60,421 .00

$9,667.00

$60,421 .00

$9,667.00

Land Market Model

$0.00
qaaun

a n

Tax Year

Parcel

Site Address

Dwner

\Aailing Address

Tax Area

Full Cash Value.

Assessed Full Cash Value:

Limited Value:

Assessed Limited Value:

Value Method:

Exempt Amount:

Exemption Type:

Use Code:

Property Use:

Class Code:

Assessment Ratio:

allln

all!

Sale Price:

Sale Date:

Recorded Instr Type:

Book:

Page'

0004

VACANT LAND

Ag, Vacant Land or Non-profit

16.00%

Last Sale Information (Click for more Sale Info)

0

1/3/2005

WARRANTY DEED

5273

721

Legal Description Information

604.21 ACRES

20N 18W 2

I
Parcel Size:

Township, Range and
Section:

Legal Description: ALL EXCEPT THE SE4 SE4, W2 NW4 NW4 NW4 NEW NE4 s.
EXCEPT THE N & W 50' CONT 504.21 AC 215-01-005(215-01 w
080 & COUNTY RD) .

null

min

nun

I



BACKGROUND INFORMATION
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Office of Assured and Adequate Water Supply
General Information and Review Status - Adequate

File Number 23-401823.0000 Subdivision Golden Valley 5800

x

Owner American Land Management LLC County Mohave

Quadrant T 21 R 18 s 34 114s

20 18 2,3,

Consultant Errol L. Montgomery &
Associates, Inc.

Water Provder To Be Determined Date Received 07/18/2005

Application Status

Status Date 10/19/2005

Issued

REVIEW I APPROVAL STATUS

OAWS

Water Quality

Hydrology

Legal

CRM

Alan Dulaney

Alan Dulaney

A. Kurtz

Maxine Becker

@ Approved

E Approved

Q] Approved

M Approved

Q Approved

Itj8 Not Approved

121 Not Approved

Not Approved

E N01 Approved

[Z] Not Approved

Date 08/02/200

Date 07/27/200

Date 09/06/200

Date 10/21/200

Date

02/14/2006 Page 1 of 1



Office of Assured and Adequate Water Supply
Adequacy Application Review

File Number 23-4-01823.0000 Subdivision Golden Valley sa00

Application Routed to.

Hydro

WQ

Legal

EZ] Date 07/27/2005
v

v

v
v
4

Date 07/27/2005

E Date 10/i9/2005

Application complete

Hydrologic study attached

Contracts attached

Plat

Correct Fees

Signed NO! I
Chief
Hydrologist E Date

CRM Date

Demand Totals, aflyrNumber of Lots 32000

CilylCounty Platting Authority Mohave County

Dry Lot

CCN

3-s
L... _

[ 1

Time Frame

Residential

Non Residential

Construction

Lost + Unaccounted

Total Annual Demand

100 year demands

1,591,090.00

9,684.85

4,768.54

1z.17

1,445.34

15,910.90

1 st Letter

1st Response

2nd Letter

2nd Response

3rd Letter

3rd Response

Groundwater

Effluent

Surface Water

CAP Water

Colorado River

Total 100 yr Demand 1,591,090.00

Applicant's Estimate 1,471,381.00

Comments Location T 20N, R laW, Sec. 2,3,4,8,9,10,11,14 & 16 and T 21N, R 18W, Sec. 34. This is an
Analysis of Adequate Water Supply for a very large area west of Kinsman. No maps for the
master plan community were included. Application was signed by Charles Sakuma, but no
signatory authority from American Land Management was provided. Provider is undetermined
at this time, so no NOI. Legal, continuous availability cannot be established with this
application, only physical availability. Incomplete letter may be needed. UPDATE: Consultant
faxed over an affidavit affirming signatory authority for Charles Sakuma. Also, NOl to Serve
from Perkins Mountain W ater Company, but this may not be provider. Awaiting Hydrology
approval. ARD, 8/2/05. UPDATE: Hydrology has determined that only 9000 ala have been
demonstrated as physically available; letter will be written with this amount. Draft sent to
Legal. 10/19/05, ARD. Sent for Assistant Director's signature.

02/14/2006

3

m
3
11

Page 1 of 2



OAWS Reviewer Alan Delaney Approved lj4 Not Approved lj Date 08/02/2005

02/14/2006 Page 2 of 2



Office of Assured and Adequate Water Supply
Legal Review - Adequacy

File Number 23401823.0000 Subdivision Golden Valley 5800

Legal OwnershiplAuthority Legal Availability

Proof of Ownership for non-indivdual
owners, principals/beneficaries holding
10 % or greater interest identified

Contracts Verfified

Non-CAP / Colorado River SW

Owner/ representative signed application Certi6catedlDecreed/pre-1919/
Appurtenant

Approval of other Divisions
Evidence of Use I Non-Abandonment
(Last Five Years)Hydrology

Water Quality NOI to Serve verified

Comments No division checksheets in tile. MMB 10/20/05. Analysis approved w/one edit to letter
MMB 10/21/05

Legal Reviewer Maxine Becker Approved :¢ Not Approved Date 10/2 l /2005

10/21/2005 Page 1 of 1



Office of Assured and Adequate Water Supply
Hydrology Review

23-401823.0000 Golden Valley 5800File Number

SubBasin

Depth to Water,1i 765

T, g/dlft 33750

SY %

Sat Thickness, ft 435

Subdivision

Aquifer description layered volcanic , basin ml alluvium(???

Regional decline, ft/yr 1

Groundwaterstored, af 0

Recharge, of/yr

Groundwater Flux, aflyr

Method of Analysis their

Impact

Projected water Ievei decline, ftlyr

Within area of impact of a recharge facility?

If yes, is criteria met who considering stored water?

Source

sw Right No

Type of Right

not applicable

decree

Pre-1919 Right

Estimated Dept to Water Airer 100 Years

min. ft 1161 Location on property

max. ft i200 Location on property

Surface Water Supply Analysis

Firm yield, of/yr

Median flow, of/yr

Cert. of Appropriation

Permitof Appropriation E

Demand

Applicant's projected deménd,'af/100 yrs
AMA's projected demand, af/100 yrs

Demand sewed by service area wells, af/100 yrs

1500000

1591090

0

Groundwater Supply

v

Y]

LI

Basis of Physical Availability

Water Availability LetterlPAD

Analysis

Year 2005

File No

Study included w/ application

Hydrologic data on file

Model used thwells

Original amount of physical availability, of/yr

Balance after this application, of/yr

9000

Comments The hydrologic study does not conclusively demonstrate quantity and dependability of the
groundwater supply for 15,000 ac-ft/yr. Issues exist with the aquifer test data, use of Thwells for
impact analysis over the entire basin, lack of committed demand for the entire basin, etc
However, the reviewer attempted to account for the hydrologic study's weaknesses and
determined that a maximum demand of 9000 ac-ft/yr could be approved for the development
This would virtually eliminate any further development via groundwater adjacent to and north
of the master planned community until more data becomes available that provides evidence al'
additional groundwater supplies. (A.Kurtz 9/10/05, KM 10/6/05) Approved at this time for
maximum demand of 9000 AF/yr only

02/14/2006

l j

Page 1 of 2



Hydrologist A.Kurtz

Section Manager K. Modesto

Approved

Approved BE

L J4 Not Approved

Not Approved

LI

LI

Date

Date

09/06/2005

10/06/2005

02/14/2006 Page 2 of 2



Office of Assured and Adequate Water Supply
Water Quality Review

File Number

Water Provider

23-401823.0000 Subdivision Golden Valley 5800

undetermined

PWS Number

New Provider (checked if Vas)

Is Water Provider in compliance with Safe Drinking
Water Standards, per ADEQ/County?

is there a known WQARF, Superfund, or Solid Waste
site within one mile?

Are there expected changes to water quality so as to make it
likely that the pledged water supply in the future will not meet
current water quality standards?

Comments: No provider has been selected at this time. No water quality approval is possible for this

Analysis of Adequate Water Supply. Water quality will have to be established later with

individual Water Adequacy Report applications

Preliminary WQ Reviewer Alan Dulanoy lj Approved V Not ApprovedL. J
Date 07/27/2005

Final WQ Reviewer Alan Dulaney 0 Approved Q Not Approved Date 07/27/2005

02/14/2006 Page 1 of 1



FILE PREFIX TYPE OF FILING FEE PUBLIC
NOTICE FEE

APP. FEE TOTAL
AMOUNT OF

CHECK

20-
Application for aPhysical
Availability Demonstration
(PAD)

21-
Application for a
D iqnation of Adequate
Water Supply

22-
Application for aWater
AdequacyReport

23- 401823.0000

Application for anAnalysis
of Water Adequacy 1,000.00 1 ,000.00

26-
Application for a
Designation of Assured
Water Supply

27-
Assignment of a
Certificate of Assured
Water Supply

28-
Application for an
Analysis
of Assur.ed Water Supply

TOTAL 1 ,000.00

CHECK DEPOSIT REQUEST
OFFICE OF ASSURED AND ADEQUATE WATER SUPPLY

SUBMITTED BY Patricia Smith

DATE: July 20, 2005

APPLlCANT: American Land Management LLC

Errol L. Montgomery & Associates, Inc.

NAME OF COMPANY OTHER THAN APPLICANT)

CHECK SENT BY:

ERROL L. MONTGOMERY s. ASSOCIATES. INC 1588
PHOENIX ACCOUNT

PH. 480-948-7747
7949 E. ACOMA DR..

SCOTTSDALE. Az 85280
STE. 100

PAY
TO THE
ORDER OF I $

®n@_

N A T E  O  7 - I 5 l ~ 0 £ '
6. \`1lz":\>n4 e:,p¢K'll/new/-49 M/awlef Q~4slGLLra¢5

l  1Qu§QnJ W 7/da

/we of
DOLLARS Dllulun Bunk

WellsFargoBank Arizona,N.A

15D N.Stone Ave

Tucson. AZ85701
www.weIlsfargacom

FOR 940- 2.1 pl.»m'b fir m?

al j_527359
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CERTIFICATE OF ASS_URED WATER SUPPLY GENE IC DEMAND CALCULATOR
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January 18, 2005
ERTIFICATE OF ASSURED WATER SUPPLY GENERIC DEMAND CALCULATOR

TIONS: This sorzadsheot is doslgned to help you calculate the water demand for your new subdivision for purposes

|i f ' f i a t f red at S no. Please my :but all blue bona. If you need MIN. coniack ill Office of

s d A40 ah wager supply ll (602)417.24$5.

~ | ». » .I ' a s u a s
Final official demand aslimatcs will be deiemlncd the Daparlmnnt upon view of , four

. Ic Me application.

Enter the AMA the subdivision is located In*
|»~»» •  .  | TUC T' F t P1N for naA PRE for Prescott or ScRfof SanlaC¢uz. If are nd located within an AMA, or are not

»|~»es i s t ad the Olfioe ofksurud Md Aden calc Water Supply at (602)417-2465.

, 1 4 PPHU GPCD or per housdday Demand/HUNR of no. HU Lois nmamuu Demand/Yr (of/yr)

FamilyI 7D.0D 0.22 5335.88

Multi-Familv 51.00 0.15 1 aao.es

F Landau ext 1.00 125.00 0.14 3396 .00

'v v1 . t1 A nn-F 1 .of 100.00 0.11 1oa9.zs

family DGmlndll'luJyR 0.36

M  . 'Demand/HUnR 0.27

»Para Fed Ages Dd'nlndFad0r NO.HU ans | J9e»Lot ' tmenl DemandJ'Yr

. n ' °LdSize 0.17
I1upu¢4aLasaz» . ft 1.500-10L000 0.17~0.23

Lo:
1

» 1 o.oo o.oo

1rzuawum-nan 0.00 0.00 mo 0.00

1 m o.oo o.oo M A M A m u m

"NOTE: If thesubdivisinnnnnlnillsslveiilqrolhpingsdldsizes.Hwlarqclotldjushnuliineadsinb¢c8luJI8il¢foroIdIgl'uupil1qdliQob(8iz$.
cnmacuh¢OiioedAss1ndll1dAdaquamWanarSupplyf<zrlsslst:maincnludaMilugtularqoldad]ps&mux1lorl1lha1visienswiltsavl1i1wp3\1Q$°fl'*l9°
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No.ofLots Demand (galsAo0 10o demand a Construction Demand (of/)
1z.se33264000 10000.00 1255.51
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1859.00

1859.00
0.00

0.00
0.00
0.00

110,00
31750

0.00
44.35
44.35

0,00
000
o,00
0.00
0.00

lN5TRLlCTlONS: This spreadsheet is dssignod to help you calculate the guntar demand Inf you new subdivision for pulpous

d applying for a Cartificatc of Assulud Water Supply. Plum fill out all blur boxes. If you mod help, contact the Officer d

Assured and Anluquate Water Supply at (502)411-2465

NOTE: This shut. when completed, das not eonstitutn approval of Thu demand estimate for your subdivision. It is lmandad for
general estimation purposes Amy. Final nfflclal demand animates will be doierminad by the Department upon roving al your

complain applkatlcn

Enter Me AMA the subdivision Is located in

Enter PHX for Phoenix, TUC for Tucson, PIN for Penal, PRE for Prescott or SCR for Santa Cruz. If you are not Iacalea wit.r\in an AMA. or are not !

sure which AMA you are located in. contact the Office Rf Assured andAdequate Water Supply al(802)417-2465

Category
Single Family (inf)
Multi-Fimily (lm)
Sing!a Family Landscape (ext)

Mull!-Family Landscape (ext)
Single family Demand/HIJNR
Multifamily Demand/'HUNR

*NOTE: If the application is in the Pinal AMA, OnOlot sizes are no greater than 10.000 sq.h., 125 Glick is used to estimateboth Interior and exterior demand for single
familyhomes. Dr not enter lot numbers under theLandscape rows. Contact theOltice of Assured and Adequate Water Supply for more information

Average Lot Size (sq. n)
TMP Modal Lot Size (sq. RI
Large Lot Adjustment
112 low w8IBr use
1/2 turf

Total Rnidwtial Demand

For each category plsaso amok oilier squaniieot or acres of land for.tha\ type of nongrusidenlid use within your subdivision

Common Areal
Common Areas
Right of Way
Golf Course
Commercial use
Public Pool (length x width = square feet)
Parksi
Parks2
Re\en\ior1lDetenlion Basins
Re1entionlDetentlon Basins
School Lamiscapel
School Landscapes
School interior

NOTE: If application is for a change of ownership from a previously issued.Cer\ifica!e d.Assured Water Supply,and is for only a portion cf the original Certificate. contact the
Office of Assured and Adequate Water Supply to pro-rate non-residential area acreage

Total Nun-Risidintiil D6m8nd

Tana Demand Pu Year

Demand of/yr

NOTE: If the subdivision contains several groupings of lot sizes. the large ld adjustment needs lo be calculated for each grouping of large lot sizes
ntacl the Office of Assured and Adequate Water Supply for assistance in calculating the large lot adjustment for subdivisions with severalgroupings of large

are 18. 2005

NOTE: For school interior demand, enter the number of students. If the proposed school is a high school Ur middle school, me demand factor is 43 GPCD

CERTIFICATE OF ASSURED WATER SUPPLY GENERIC DEMANDCALCULATOR

Square Feet

S qua re  Fe e

Residential
679.26

No. of Lots
1859.00

T500 . 10.000

°°l

GPCD or per houselday Demarwi/HuNR (aflyr)

Demand (gals/lot)
1oooo.<x>

Nan-Residentiat

Acres

.. y: : :

0.17»0.23

17a.00

Demand Fader (of/ac)
1.50 low water use
4.90 turf
1.50 low water use

AMA Turf Program - contact AMA
2.25'all acres

AMA TMP rrwdel

Demand Factor(of/yr)

100 yr demand (of)

1.50 low water use
4.90 turf
1 .50 kw water use
4.90!urf
1.50 s low water use
4490:w¢1

25 GPCD interior demand

Loss Factor °/»
2224.10

No. HU (Lots)

NO. HU (Lois)

Large Lot Aciiustmenl DemandNr (ally)

Residential DemandNr (a{lyr)
308.80

Nun-Residential Demand (of/yr)

1nUiDllllllFilYQ¢(-

Conslrucxion Demand (of/yr)

Distribution Losses (of/yr)

370,65

714.38

217.32

z22A1

879.26 222.41 1761.51 I 2441.71

2447.77

Tami. . . l!l lBl¢U



ERROL L. MONTGOMERY ac ASSOCIATES, INC
CONSULTANTS IN HYDROGEOLOGY

ERROL L. MONTGOMERY, P.G
WILLIAM R. VICTOR, P.G
RONALDH. DEWITT, P.G

MARK m. CROSS, P.G
DENNIS G. HALL, P.G

TODD KEAY. P.G
JAMES s. DAVIS, P.G

MlCHAEL J. ROSCO, P.G
CHARLES F.BARTER (1937-1959)

0AN£L s. WEBER, P.G
'LESLIE T. KATZ, P.G

7949 EAST ACOMA DRNE, SUITE 100

SCOTFSDALE, ARiZONA 85260 (480) 948-7747

FAX: (480) 948-8737

w w w.elmontgomery.com

E-MAIL: &nfo@elmontgomery.com

July 15, 2005

W 8 $9
Mr. Doug Dunham
ARIZONA DEPARTMENT OF WATER RESOURCES
Office of Assured Water Supply
500 n. 3"' Street
Phoenix. Arizona 85004

JUL 1 8 2005

Roll 9:3

DearMr. Dunham

Enclosed please find the materials that Errol L. Montgomery & Associates, Inc., has
prepared on behalf of American Land Management, LLC, in support of an Analysis of Water
Adequacy for the Golden Valley South Master Planned Community in Mohave County, Arizona
The materials include copies of the following documents that we are submitting for your review
and approval

1) Application for Arizona Department of Water Resources (ADWR) Analysis of Water
Adequacy

2) Hydrologic Study in Support of the Analysis of Water Adequacy

3) Copies of demand calculations for a lower density and maximum density development
utilizingdata from ADWRand Mohave County

4) Copies of the preliminary Planned Unit Development

5) A notice of intent to serve as yet incomplete since water company negotiations are
underway with various potential providers

6) Ownership documents verifying ownership of all parcels listed in item 3 as belonging to
American Land Management, LLC

Although we are aware that not having the water company information finalized can
result in delays to a formal application, we do wish to proceed immediately with the Analysis of
Water Adequacy

If you have any questions or require clarification of any documents in the application
please do not hesitate to contact Greg Wallace or me

Sincerely

ERROL L. MONTGOMERY & ASSOCIATES. INC

William R. Victor. P.G

Enclosures (2 copies)
TUCSON I PHOENIX I FLAGSTAFF | SANTIAGO De CHILE

ii Lit



ARIZONA DEPARTMENT OF WATER RESOURCES
Office of Assured and Adequate Water Supply

2"" Floor, 8550 N. Central Ave.. Phoenix. AZ 85012
Telephone (602) 771-8585

Fax (602) 771-S689

Janet Napolitano
Governor

February 17, 2006 @©@v Herbert R. Guenther
Director

Ms. Christine Ballard, Director,
Mohave County Planning and Zoning Department
3675 E. Andy Devine Avenue
Kinsman, AZ 86401

RE: Golden Valley Ranch
Phases 1, 2, & 3

Ms . Ba lla rd:

According to the information provided by Stanly Consultants (Stanley) the proposed initial phases of
Golden Valley Ranch (Phases I, 2, and 3) consist ofapproximately 485 acres and 1,859 single family
lots. The provider of the water service is yet to be determined. However, the Department
understands that Perkins Mountain Water Company (PMWC) has applied to the Arizona Corporation
Commission (ACC) to have its Certificate of Convenience and Necessity (CC&N) expanded to
include the Golden Valley Ranch area.

As you may be aware, the department issued an Analysis of Adequate Water Supply to Golden
Valley 5800 on October 19, 2005. While the application was for the entire Golden Valley Ranch
master Plan, the Department could not issue an adequate finding for the entire master plan. The full
master plan called for 32,000 single-family lots, golf courses, schools, parks and other common
areas, and over 600 acres of commercial uses. The Department determined that this total demand
would be nearly 15,000 acre-feet per year (of/yr). Insufficient demonstration of physical availability
prevented the Depamnent from issuing the water analysis for the entire master plan. The
Department determined, based upon the hydrologic information submitted, that only 9,000 of:/yr
could be demonstrated to be physically available for 100 years. Legal availability and proof of
adequate water quality were not demonstrated on the water analysis.

Using the generic plats provided by Stanley for phases l, 2, and 3, of Golden Valley Ranch, the
Department has completed a rough calculation of projected demands. The Department has made
several assumptions on population, landscaping and other factors that will impact the overall demand
estimate. The Department included one 18-hole golf course, included approximately half of the
projected commercial acreage (317 acres), and made landscaping assumptions on the 89 acres of
common area/open space. Using these assumptions and the demand associated with 1,859 lots, the
department has calculated the demand to be 2,447 of/yr for phases l, 2, and 3. This is within the
9,000 of/yr of groundwater demonstrated to be available on the October 2000, analysis.



Pg. 2
February 17, 2006
Golden Valley Ranch

Please be aware that this is a rough estimate based upon the general plan proposal. This is not the
final water adequacy determination as required under statute (A.R.S. §4S-108). Demands for the
proposed development area will likely be different depending upon the final density and community
design. Demands may be reduced with less water intensive landscaping, and other measures such as
effluent use in the proposed parks and golf courses. Estimated demands may also increase if other
uses the Department is not aware of at this time are included in the subdivision. It should also be
noted that the Department could not consider PMWC to be the provider for the proposed
development until such time as the ACC approves the final extension of PMWC's Certificate of
Convenience and Necessity to cover the proposed development.

If you have any additional questions, please feel &he to call me at (602) 771-8590

Sincerely,

r /
N

Douglas W. Dunham, Manager
Office of Assured and Adequate Water Supply

CC: Steve Olea, ACC
Kristen Keener-Busby, Department of Commerce
Alan Dulaney, ADWR
Tom Whitmer, ADWR
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ATTACHMENT IV

Se lected portions  from the  Golden Va lley 5800 (Montgomery
2005), GVID (Mone ra , 2006), a nd Griffith Ene rgy We ll Fie ld

(Mar e ra , 1998) Reports



PRELIMINARY HYDROLOGIC EVALUATION

GRIFFITH ENERGY WELL FIELD

SACRAMENTO VALLEY, MOHAVE COUNTY, ARIZONA

MANERA INC
8316 n. 53rd Street

Pcrodise Valley, AZ 85253



INTRODUCTION

Location of the Griffith Enerslv Project

The proposed Griffith Energy Project (the "Project".)is a natural gas-fired 'combined cycle
electric generating facility to be located ten miles south of the City of KinsMan, Mohave
County, Arizona, approximately two miles north of the Interstate 40 Griffith interchange

The proposed site is located on a 160 acre parcel of land (SW% of Section 6, T. 19 N
R. 17 W.) within the designated Mohave County 1-40 Industrial Corridor. The Industrial
Corridor is undeveloped in the vicinity of the Griffith Interchange with the exception of
the Praxair industrial complex

Scope andPu1°Dose of the Studv

The scope of this sandy is to evaluate the available geohydrological data for the purpose
of generating a preliminary professional opinion oudining the ground water resources
available for development in the area of study. This evaluation entailed detennnining

the hydrological characteristics of the. aquifer

the movement of the ground water in the aquifer

the volume of ground water available in the area around Griffith, and

the probable impact of withdrawing ground water at a peak flow rate of 3,300
rpm and an alulnuual averagecumulative withdrawal of 3,060 acre feet per annum
for consumption throughout the 40-year projected life of the Project

Area of Studv

The proposed location of the well field to withdraw ground Water for the I -40 Industrial
Corridor industrial complex, with specific emphasis oN the development of a water
supply for the Griffith Energy Project, comprises 'Sections 10, 11, 14 and 15, T. 19 N
R. 18 W., as shown on Figure 1

To properly evaluate the area of the proposed well field, the area of investigation
encompassed the northern portion of the Sacramento Valley, with the primary emphasis
extending from the Project Site on the east to the Sacramento Wash on the west, and



from the Kinsman -Oat ran Road (Old Route 66) on the north to approximately six (6)
miles south.of Griffith on the south. These relationships can be seen on Figure 1

Existing! Wells

Two eight (8) inch diameter wells are present in` the proposed well field:

'the MCEDA/Praxair well in the southeast corner ofSecdon 10, drilled to a total
depth of 800 feet, with a static water level below ground surface ("SWL") of 597
feet;

the Citizens Utilities Company well in the NE Comer of NW 1/4 of section 14,
T. 19 n. R. 18 w., drilled to a total depth of 1,010 feet, with SWL of 605 feet.

Both wells encountered water, and neither well penetrated the total thickness of the
alluvial fill, proving the thickness of the alluvium exceeds 1,000 feet in the proposed well
field area.

Neither well has been tested; however, the Praxair well is fitted with a pump which will
deliver 160 gallons per minute. The Citizens Utilities well has not been equipped.

GEOHYDROLOGY

Geophvsical Survevs

Seismic surveys (Gillespie and Bentley, 1971) and a number of electrical resistivity
soundings (Turner, 1958, 1966; Mantra, 1964, 1967) were made in the Sacramento
Valley to measure the thickness of the alluvial deposits.

The seismic surveys conducted by the U. S. Geological Survey utilized conventional
refraction methods. '

The results of the seismic profile, depicted in Figure 2, Mn east - west approximately
four miles north of the proposed Project well field area, as illustrated on Figure 1, and
indicate Mt the alluvial basin near Griflfith is -approximately 32,000 feet wide and 4,400
feet deep. The seismic profile implies a sloped bottom to the basin rather than the step
faulting that would more commonly be expected to occur.

Layers V1 and V, are both considered to be alluvial fill, with layer V inferred to be the
dry portion of the alluvium and layer VS the saturated portion of the sediments. It is

I
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believed that the water saturating the sediments causes the difference in the seismic
Velocity readings

The electrical resistivity soundings indicate that the thickness of the saturated alluvial
fill extends below the depth range limitations of the soundings, two thousand (2,000)
feet, confirming the fact that the alluvial basins are .relatively deep

These surveys strongly suggest that the saturated thickness of the aquifer is well in excess
of one thousand (1,000) feet. The limited drilling, however, has only penetrated the
upper four hundred (400) feet of that saturated thickness at the north end of the basin
six hundred (600) feet in the Yucca area, and four hundred (400) feet under the proposed
well field. where, in each case, adequate water for the needs of those respective wells
was encountered without die need to drill deeper

Geological Setdnz

The Sacramento Valley is a fault controlled, intermontane basin of the Basin and Range
type of Fenneman (1931), located in the southwester portion of Mohave County,
Arizona. The 'basin is surrounded by adjacent block faulted mountains consisting of
igneous and metamorphic roc lm. The mountains forming the boundaries of the basin are
the Cerbat Mountains to the northeast, the Hualapai Mountains to the southeast and the
Black Mountains to the west. '

The Sacramento Valley basin has historically been addressed by reference to three
topographic portions, all hydrologically connected: the northern portion, locally called
Golden Valley, extending from twelve (12) miles north of Highway 68 at the north to six
(6) miles north of Yucca on the south; the middle portion extending from six.(6) miles
north of Yucca to the opening between the BlackMountains and Buck Mountain; and the
southern portion, called Dutch Flat, extending twenty five (25) miles southeast from the
opening between the Black Mountains and Buck Mounta'm; and. The outlet from the ,
basin is through the opening between Buck Mountain and the Black Mountains, through
the Franconia narrows extending west from the opening between the Black Mountains
and an extension of the Mohave Mountains. These relationships can be seen on Figure
1.

The Sacramento Valley basin was formed in a period of faulting during which blocks of
rocks were uplifted and tilted,.1eaving intervening basins. The blocks between .the
predominantly northwest - southeast trending faults were not all uplifted an equal amount,
thus the basin bottoms and sides are probably a series of stair-step fault blocks.
Secondary, northeast - southwest, trending faulting and uplift during this period of
movement further complicated the structure of the basins by the formation of deeper to
shallower subfbasins within the major basin, causing the width of the basin to vary along
the length of the basin. Following and during the structural deformation, erosion from
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the uplifted blocks and the extrusion of volcanic materials filled the basins with alluvial
fill consisting of sands, clays and gravels of sedimentary origin, and tuffs, clays and
rocks of volcanic origin;

The geological interpretation of the seismic profiles and electrical resistivity soundings
completed in the basin, coupled with the data from Driller's logs of wells drilled 'm the
basin, indicate that the basiN is sub>divided into abroad, deep sub-basin (4,400 feet)
under the GoldeN Valley (northern) pardon of the basin and a-broad, deep sub-basin
(greater than 2,000 feet) under the Dutch Flat (southeastern) extension of the basin,
separated by a narrower throat at Yucca where the basin is partially tilled with a ridge
of volcanic rocks appearing, based on limited data at this time, to. be non-water-bearing,
but covered by layers of alluvial fill ranging in thickness from six hundred (600) feet to
more than one thousand (1,000) feet. s

The estimated width of the basin aquifer, based on the various data sets available,
appears to be'

Golden Valley
Griffith Area
Yucca Area
Dutch Flat
Franconia area

- 9 miles or 47,500 feet
- 6 miles or 32,000 feet
- 4 miles or 20,000 feet
- 8 miles or 42,000 feet
- 2.65 miles or 14,000 feet

The proposed well field would be located 'm the southern half of the northern (Golden
Valley) sub-basin. .

Withdra wa l from the  Aquife r

Prior to 1965, ground water withdrawals from the Sacramento Valley were limited to a
few acre feet per yea from relatively shallow private wells. In the early 1960's the .
Duval Copper Company developed the well field now owned and operated by the Cyprus
Company for use at the Mineral Park Mine. During the period from 1964 to 1980, an
average of 5,645 acre feet per year of water was withdrawn from the Golden Valley
portion of the basin aquifer. In 1981, because of scaled back mining operations and
consequent reduced water demand, the volume of withdrawal was reduced to 1,935 acre
feet per year; and in 1986 the rate of Withdrawal was further reduced to five huNdred
(500) to seven hundred (700) acre feet per year, still primarily for use iN the Mineral
Park Mine operation (Rescore, 1991). .

Currently, withdrawals from the aquifer of the Sacramento Valley are concentrated in
two (2) general areas:
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The Golden Valley area had a demand of twelve hundred fifty eight (1,258) acre
feet per year 'm 1990 and is projected to grow to a demand of thirty two hundred
forty (3,240) acre feet per year in 2040 (Arizona Department of Water Resources
[ADWR], Staff Report, 1994). In addition, ADWR projects that the Cyprus
Mineral Park withdrawal, within the Golden Valley portion of the basin, will
approach eight hundred (800) acre feet per year for the period 1994 - 2009. This
projected volume of withdrawal by.Cyprus has not been met during the period
1994 -1998. however. After 2009, the Cyprus Mineral Park operation and
ground water withdrawal is expected to be terminated

The Yucca area, including the Ford Proving Ground facility and related uses in
Yucca, has an estimated withdrawal of one hundred fifty (150) acre feet per year
Miller, 1969).

Little additional withdrawal from the ground water aquifer has been initiated since 1994.

Aquifer Characteris tics

The two arMer characteristics of importance are:

the specific yield (SY) which is the volunne of water that will drain from a unit
of a water table aquifer under the force of gravity, stated as a percent of the total
volume of the unit; and,

the transmissivity (T), a measure of the ability of the aquifer to transmit water,
expressed in gallons per foot per day,

The specific yield (SY) is an elusive parameter that can only be estimated from
observabledata, such as the type and shape of the drill cuttings, the homogeneity of the
materials in the cuttings, etc. As. a result of the conservative nature of most consultants
in the field of hydrology, published estimates of specific yield are almost always smaller
than the actual field Parameters. The transmissivity, on the other hand, can be calculated
from the data collected during a properly conducted pumping test or estimated from
pumping data; therefore, this Value more nearly approaches the actual field value.
Although both parameters be not exact, the values are useful in approximating the
reaction Of the aquifer to the stress of withdrawal. .

TIansmissiviW
i

Transmissivity (T), the hydrologic conductivity of a unit cross~sectiona1 area of the
aquifer, is calculated from properly formatted pumping test data. In the event that the
pumpingtest data is insufficient to calculate the T, or if no test data are available, the
value of T can be estimated by multiplying the specific capacity of a well (yield divided
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by the drawdown) by a coefficient determined from wells for which both specific
capacity and transmissivity data were available. This coefficient of proportionality for
the Sacramento Valley has been calculated to be 4,400 (Gillespie and Bentley, 1971)

T values ranging from 29,000 gallons per day per foot (god/ft) to 37,000 god/ft have
been calculated or estimated in three wells in the northern pardon of the Sacramento
Valley (Golden Valley Well No.1, and Cyprus Well No.s 4 and 5). Although there are
wells with lower values of T in the northernmost part of the aquifer near. the rnounarn
fronts, it can be fairly estimated that typical wells in the center of this portion of the
basin will have similar aquifer transrnissivity characteristics to those stated above
Therefore, using an average T value of 35,000 god/ft for the northern portion of the
basin appears reasonable for this report

A deep well and a moderately deep well are present in the middle portion of the basin
in the Yucca area. Neither Driller's log indicated that the well penetrated the complete
thiclmess of the aquifer. The deep well (1000 feet) has an estimated value of T of
120,000 god/ft while the moderately deep well (600 feet) has an estimated T value of
26,000 god/ft. A T value of 40,000 god/ft appears to be a reasonable value for the
middle portion of the basin

Well data is not available for the Dutch Flat portion of the basin

Based on the present dznia, it appears that the value of T increases from 35,000 god/ft in
the northern part of the basin to more than 40,000 god/fr in the middle part of the basin

Using an average value of T = 35,000 god/ft for further 'calculations is believed to be
conservative, and would produce computations falling within or below the range of
conditions actually occurring in the aquifer throughout the norther and middle portions
of the basiN. It is expected that the amu al field transmissivity will be greater than 35,000
god/ft, consequently the actual drawdown impacts that would occur in the aquifer due
to the proposed Project, will be less than the projected impacts set forth in this study

S pe cific Yie ld

The specific yield has been estimated as ten (10) percent (Gillespie and Bentley, 1971)
and fifteen (15) percent' (Turner, 1966). Todd (1980).states that the specific yield of
materials range from eight (8) percent for silt up to twenty eight (28) percent for fine
grained sand. As the estimate of ten (10) percent by Gillespie and Bentley (1971) falls
near the lower end of the range described by Todd (1980), it is believed to be
conservative and would produce computations falling within or below the range of
conditions actually occurring in the aquifer of the basin



Water Levels and Slope of the Water Level

Three histon'cal water level maps have been published, 1971 (Gillespie and Bentley)
1979 (Pfaff and Clay) and 1991 (Rescore). Comparison of these three sets of data
illustrates three significant conclusions

there are virtually no changes in the water levels or the slope of the water levels
south of the Kinsman e Oat ran Road (the proposed area of withdrawal) during
the period of recorded data, 1971 -1990

a cone of depression was established in the Golden Valley (northern) portion of
the aquifer by the withdrawal of 102,000 acre feet of water from the Mineral
Park Mine well yield during the period 1971 -1994; and

the Mineral Park cone of depression is rapidly recover'mg and has shrunk
significantly during the period 1981 1998 as a result of the substantial reduction
in the rate of withdrawal from the Mineral Park Mine well field, even though
other withdrawals have been initiated i11 the Golden Valley area

Subsurface Plow and Outflow From the Basin

The subsurface flow of ground water in the aquifer can be calculated by the formula v
where

v

T
volume of flow in gallons per day
transmissivity in god/ft
slope of the water.-table in feet/foot
length of the cross - sectional area of How 'm feet

then the flow of ground water from the northern portion of the basin through the Yucca
narrows area when

250 / 63,360 = .0039 feet per foot

T = 35,000 gpdm

L = 20.000 feet

IS



v =.35.000 X .0039 x 20,000 = 2,730,000 god

2.730.000 / 325,851 = 8.378 acre feet per day

8.378 x 365 3,058 acre feet per year

And using the water level contours of Rescore (1991), Plate 1, the total subsurface
outflow of both the northern part of the basin (Golden Valley) and the southern part of
the basin (Dutch Flat) through Franconia narrows is calculated to he

250 / 55,000 = .0091 feet per foot
(1,300 foot contour to 800 foot contour)

T = 35,000 gpzi/ft

L 14.000 feet

v = 35.000 x .0091 x 14,000 = 3,882,000 god/ft

3.882.000 / 325,851 = 11Q73 acre feet per day

11.73 x 365 = 4,281 acre feet per year

The calculated outflow of 4,281 acre feet per year based on Rescore's data essentially
agrees with the estimated outflow of 4,000 acre feet using the data and calculations of
Gillespie and Bentley (1971)

Storage

Gillespie and Bentley (1971) calculated a minimum of 6.5 million acre feet of ground
water in storage in the Sacramento Valley aquifer above 1,500 feet below the su0'ace and
implied that the volume might be twice this minimum amount, or 13 million acre feet

The Arizona Department of Water ResourceS (ADWR Staff Report, 1994) estimates the
volume of water in storage in the aquifer north of Yucca, above 1,200 feet below the
land surface, to be 2.3 million acre feet. Considering that ADWR used roughly only
seventy five (75) percent of the lateral extent of the saturated aquifer (i.e., only the
Golden Valley portion of the aquifer) and only one half the thiclaxess of the aquifer
utilized by Gillespie and Bentley, the minimum estimates of storage of Gillespie and
Bentley and that of the ADWR are remarkably close; however, the actual volume of



storage is significantly higher than these estimates if Gillespie and Bentley's higher
estimate of 13 million acre feet is correct . ,

Impact of Withdrawal from the Ground Water Aquifer

Griffith Energy LLC/Mayes (1998) stated that the peak flow demand for water for all
uses .at the Griffith Energy Project would be approximately 3,300 gallonsper minute
The year-round expected operating profile projected for the Plant, 'accounting for
projected percentages of base-load operating hours (normal flow demand), maximum
output operating hours (peak flow demand), and maintenance and other non-operating
hours (minimal flow demand), adjusted for monthly differentials of ambient air
temperature' and humidity, indicates an actual aggregate annual water requirement of .
approximately 3,060 acre feet per annum. (Griffith Energy Operations Profile, 1998) .

The impact of the proposed withdrawal for a period of forty (40) years was calculated
using the simulation model THWel1s, version 4.01 . (van Der Heijde, 1996). The
calculations of total drawdown are based on the Thews equation for non - steady state
flow in an isotropic, homogeneous confined aquifer of infinite extent. The model can
be reliably used for water table aquifers, provided the calculated drawdown are less than
half the thiclmess of the saturated aquifer and a correction factor is applied. In this case,
boundary conditions located four and one half (4.5) miles on either side»of die well field
were simulated using image wells.

For the most conservative analysis, we have assumed a worst case hypothetical of
maximum peak flow continuously, year-round, which would pump 5323 acre feet. '

Sincurlating a well field of six (6) wells, three (3) wells by two (2) Wells, with a spacing
of two thousand (2,000) feet between wells, with a continuous withdrawal of 792,000
gallons per day per well for a period of forty (40) years, and including boundary
conditions (refiecdng the worst case scenario of lateral aquifer extent and continuous
peak pumping) gave a calculated maximum drawdown of one hundred and nine and one
half (109.5) feet 'm the pumped wells and a drawdown of less than eighty (80) feet at a
radius of one thousand (1,000) feet from the well field.

This projected volume of withdrawal, which assumes the maximum peak flow demand
were pumped contiNuously forfony (40) years, would remove 213,000 acre feet from the
minimum estimate of 2.3 million acre feet (ADWR, 1994) in storage. This is without
considering any of the significanfnamral recharge to the aquifer that is clearly evidenced
by the near-static condition of wells under current withdrawals and the recovery of the
Mineral Park Mine cone of depression.

The more realistic projection, however, using the same model and calculations, but with
demand figures from the projected actual operating profile and resulting reduced
aggregate annual water demand of 3,060 acre feet, but still using assumed worst case
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boundary conditions, gave a calculated most~like1y-case drawdown of 70 feet at the well
field. and 40 feet at a radius of one thousand (1,000) feet from the well field
Figures 3, 4, 5 and 6 reflect these two cases, respectively

Water Qualitv and Temperature

The results of inorganic chemical analyses of water from Golden Valley Wells 1 and 2
in the northern end of the basin, show a total dissolved solids content of 250 and 280
milligrams per liter (mg/1) respectively. Similar analyses of waters collected at depths
of seven hundred (700) feet and nine hundred (900) feet during the drilling program of
a test well at Yucca, in the middle portion of the basin, show a total dissolved solids
content of 300 mg/l. The results of partial chemical analysis of the Praxair well fall
within these parameters. Thus, it appears that the ground waters withdrawn in the
proposed well field will fall within the range of 250 mg/1 to 300 mg/1. .

There have been reports of a more highly mineralized water 'm the northeastern portion
of the basin near the areas being mined 'm the Cerbat Mountains .

The temperature of the waters from wells in the norther portion of the Sacramento
Valley basin were measured at 102 degrees F. in 1991. Reported temperature of the
waters &om the Praxair well in the southeast corner of Section 10, T. 19 N., R. 18 W.
was greater than 102 degrees F. (Lindstrom, 1998) It appears that the waters in the
aquifer are above normal temperature for the depths of the aquifer. Thus, it is expected
that waters withdrawn from the aquifer in the proposed well field will fall in -the
temperature range of 102 degrees p. to 105 degrees F.

CONCLUSIONS

The conclusions reached on the basis of the available data are:

• The probability of developing wells capable of yielding between five hundred
(500) and eight hundred (800) gallons per minute within the proposed well field
(Sections 10 and 15, T. 19 N., R. 18 W.) approaches the ninety eight (98)
percent confidence level.

The capability of withdrawing 5,323 acre feet per year (worst case hypothetical
demand) from the ground water reservoir under the proposed well field for a
period of forty (40) years appears almostcertain; and the projected actual demand
of 3,060 acre feet per year, virtually certain. ..

10



The probable impact of the worst case hypothetical volume of withdrawal for the
period of forty (40) years would result in an increase in the pumping depth of One
hundred and ten (110) feet in the well field for the Project (approximately a seven
hundred foot pumping level) and an eighty (80) foot lowering Of the water level
one thousand (1,000) feet from the well Held. Such a forty (40) year cumulative
withdrawal of 213,000 acre feet would constitute nine and one fourth (9.25)
percent of the minimum estimate of the 2.3 million acre feet of water in storage
in the Golden Valley portion of the Sacramento Valley

The probable impact of the most likely ease volume of cumulative withdrawal for
the period of forty (40) years would result in an increaser the pumping depth
of sixty (60) feet at the well field for the Project, and a forty-five (45) feet
lowering of the water level one thousand (1,000) feet from the well field. And
the corresponding forty (40) year withdrawal of 122,400 acre feet would be
5.32% of the minimum aquifer storage estimate

The probable water temperature of the water drawn from the ground water
reservoir will be in the neighborhood of 102 degrees F

The probable total dissolved solids content of the water drawn from the ground
water reservoir will approach 300 milligram per liter
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I
•
I The Golden Valley County Improvement District No. 1 (GVID) was formed by the Mohave

County Board of Supervisors in January 1976. Prior to 1987 no community water sources
or facilities were available within the District. An agreement with the Crystal Springs Utility
Company in 1987 established a storage - standpipe facility which could deliver
approximately 30 gallons per minute. A long range plan for water development and
distribution within the District in Phases 1 - 4 was initiated in the late 1980's. Engineering
is now in progress on Phases 5 and beyond.

INTRODUCTION

4

s

Two wells were drilled to supply the District. Following an evaluation of the ground water
availability, the ADWR issued a letter detenrnining that 1,400 acre feet of water would be
available in the District (December 4, 1991). The letter stated that the 1,400 acre feet of
water would be sufficient for about 6,200 lots at 200 gpdllot and that 5,405 of those lots
were already assigned.

Recent requests for service by multiple developers of property within the District far
exceeds the 795 lots remaining, therefore, the District desires to increase the volume of
water availability to satisfy these requests. Rather than attempt to determine the exact
number of lots requesting service, as in many cases, the preliminary plats will notbestarted
until it is known that water service is available, the District is applying for a designation
increase of an additional rs,000 acre feet per year.

TheADWR in a letter dated August 14, 2006, the Department stated that it had determined
that 9,000 acre feet per year will be physically and legally available to Golden Valley 5800,
Berthe Department's Analysisof AdequateWater Supply (DWR #23-401823.0000) subject
to review of specific restrictions upon the submission of each plat within the project. In
effect, the volumes of waters allotted to the GVID (1 ,400 acre feet per year), Valley Pioneer
Water Company (2,810 acre feet per year), the Mine Call (3,000 ala feet per year) and the
Golden Valley 5800 (9,000 acre feet per year) and other undocumented demands in the
norther portion of the Sacramento Valley, virtually eliminate the possibility of proving
additional ground water availability for the Gvln under the District.

Consequently,the District: has elected to prove that additional ground water isavailable to
the south in the SacramentoValley approximately six miles south of Griffith andsix miles
north of Yucca tobe moved to the District to satisfy thedesired demand of 6,000 acre feet
per year. .

I
I
I

Location

The Sacramento Valley is a north - south trending basin, approximately twelve miles wide,
located west of Kingman between the Cerbat - Hualapai Mountain complex on the east and
the Black Mountains on the west in west central Mohave County, Arizona. The valley
extends from chloride on the southern end of the Cerbat Mountains south to the southern
end of the Black Mountains four miles south of Yucca. The Sacramento Wash flows
southward from the norther end of the valley around the south end of the Black Mountains
then turning westward to flow into the Colorado River at Topock. The alluvial portion of the
basin is exposed over approximately sea square miles of the basin. These relationships
are illustrated on Figure 1.

1



The Golden Valley County Improvement District No. 1 encompasses Sections 25 through
29 and 31 through 36, T. 22 N.. R. 19 w. and Sections 1 through s, Sections 8 through 17
Sections 20 through 29 and Sections 31 through 36, T. 21 n., R. 19 w. as illustrated on
Figure 6

Purpose and Scope

The Initial purpose of this study was to determine the quantity of ground water available to
support the development of land within the cvio. As R became apparent that additional
ground water availability was not present within the District boundaries, the focus of the
study changed to determining whether the water availability to the south in the basin was
sufficient to satisfy the proMed demand of 6,000 acre feet per year

The study was to be completed based upon data available through public sources, i.e
literature, open files of the governmental agencies, private consultant reports available to
the public, etc. No additional field work was authorized for this study

Previous Investigations

Prior to 1960, numerous investigations in the Kingman area were conducted, primarily by
personnel at the United States Geological Survey, however, none of these specifically
pertained to the ground water conditions in the Sacramento Valley. The first major work
concerning ground water in the basin was conducted by Gillespie and Bentley (1971) ' "
1971, a number of site specific investigations were conducted by Consultants for the
development of individual wells. Mostof these reportsor letters of opinion are not available
to the general public. Mar era (1991) evaluated the ground water available to the Golden
Valley Improvement District and later, the development of the~Grifmh Energy well field
(2000). Montgomery, Errol L. and Associates, Inc.. (2005) conducted an investigation of
the ground water supply available for the development of Golden Valley 5800

HYDROGEOLOGY

Rock Types

The rock types present consist of

various types of volcanic rock which appear to be non-water-bearing in the
Black Mountains which form the western edge of the Sacramento basin
The core of the Black Mountain range, consisting of Paleozoic sedimentary
and intrusive rocks, are visible only on the western side of the mountains

primarily granite and metamorphic rock forming the Cerbat - Hualapai
Mountains with a small area of Quaternary and Tertiary volcanic in the
saddle between the two ranges in the Kinsman area. The granitic
metamorphic complexis relatively non water-bearing. The younger volcanic
rocks have proven to be water-bearing aha have been exploited to some
degree in the Kingmanwell field, and



the alluvial fill of the basin betweenthe two mountain rangeswhich hasbeen
divided byADWR, in the review of the Golden Valley5800 application. into
two portions

interbedded alluvium and volcanic rocks along the western
front of the Cerbat - Hualapai Mountain complex. This area
is water bearing, although the water levels indicate that in
some areas the floodedportion of the formation rests upon
non-water-bearing rock types at depth, and

alluvial fill extending to depths exceeding 1,800 feet, which
form the primaryaquiferof the'basin. Teetotal thickness°of
the alluvial fill has not yet been fully determined by the drill
The alluvium of Quaternary and Tertiary age have been
divided into threemajorunits (Gillespieand Bentley,(1971)
older, intermediate and younger alluvium of which the older
unit is the major aquifer as both the intermediate and
younger alluvium are primarily above the water level in the
basin. This may not be true in the southern portion of the
basin where the water level is300 feet or less

The Arizona Department of Water Resources Well Report
giving the well characteristics for wells in the Sacramento
Valley is Induced as Appendix A. Representative Drillers
logs of the alluvial fillportionillustrating thetypes of materials
encountered in the subsurface of the basin are included as
Appendix B

Basin Limits

The cadent of the exposure of the alluvial fill in the Sacramento valley is.iIlustrated on
Figure 1, a portion of the geologic map of Mohave County. The Arizona Department of
Water Resources sub-divided the allwial basin into two portions

the alluvialtillportion of the basin wasconsidered to be the westernsix mile
wide strip along the easter front of the Black Mountains extending from
Highway68 south to south of Yucca. Thisportionof the alluvial fill section
was defined as that portion of the basin in which the drill cutting logs
indicated that the primary subsurface materials were sand,gravel and clay
in various forms, i.e. unconsolidated, mildly, moderately or hard
consolidationin the formof conglomerate, which the Department considered
to be the sole aquifer for the basin, and

the three mile plus or minus strip along the western front of the Hualapai
Mountains was considered to be that portion of the exposed alluvial ml
underlain by interbedded layers of alluvium and volcanic rocks of various
forms. It was considered that the interbedded formations were not part of
the aquifer



The delineation of the alluvial aquifer. the interbedded alluvial fill and volcanic rocks and
the hydrologic boundaries enclosing the aquifer are illustrated on Figure 1. The dividing
line between tense two divisions of the alluvial fill was considered by ADWR to be the
eastern hydrolo ic boundary in the review of the Golden Valley 5800 study

Although it is believed that the alluvial aquifer is slightly largerthan that delimited by ADWR
the limits set by ADWR will be followed in this study

Thickness of the Alluvial Fill

Gilllespie and Bentley (1971) estimated the thickness of the 4,400 feet across the middle
of the Sacramento Valley, based on geophysical (conventional refractive seismic) evidence

Although it is expected that the alluvial - bedrock contact is not a smooth curve across the
basin, many deep wells were terminated in the alluvial fill, i.e.:

Owner Well Total Depth, feet

Standard Metals Corp.
Mohave County
GVID

B(17-17)30ddd
B(19-18)10daa
B(21-19)13ddd

1 ,000 feet;
1,525 feet,
1,505 feet.

and the Geologic Cross-Section A - A', Figure 2, emending from B(21-19)2ddd to B(21-
18)32dcc illustrate that the thickness <>f the alluvial fill exceeds 1,500 feet in various parts
of the basin. The location of Geologic Cross-Section A - A' is shown on Figure 6.

Water Levels

The water levels are relatively flat in the northern end- of the basin, ranging from an
elevation of 1775feet north of Highway 68 to 1746 feet twelvemiles south at the southern
boundary of T. 20 n., R. 18 w. The water level then slopes rapidly south to Yucca where
the water level elevation is 1480 feet, a slope of 17.73 feet per mile.

I
l~
I

1
I

Water levels in the SacramentoValley basin appear to be in equilibriumat the present time.
The fad that the water levels of 2006 are most identical to those measured by Rescore
(1991) and Pfaff and Clay (1981) and is similar to those reported by Gillespie and Bentley
(1971) show that few, if any, gross changes have occurred in the past thirty five years. The
'pumping of the mine wells in T. 21 n., R. 18 w. in the 1960's and 70's generated a limited
cone of depression which has virtually disappeared since withdrawal for mining purposes
ceased in around 1980.

The water levels in the alluvialcenter of the basin are illustrated on Figure 3and the depth
Io water are illustrated on Figure 4. The trend of the water level in the hydrograph of well
B(20-18)22aac, Figure 5, shows a decline of approximately eight feet during the period
1964 - 2004 illustrating that the water levels in the northern portion of the alluvialbasin of
the Sacramento Valleyhave remained relatively constant for the last forty years.

2
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Thickness of the Saturated Aquifer

The minimum saturated thickness of the aquifer was calculated by subtracting the total
depths of the wells,usually butnot always, terminatinginthe alluvium, from the water level

The aquifer in the Golden Valley portion of the Sacramento Valley has a saturated
thickness ranging from 443 feet, in a well that temlinated in bedrock, to more than 575 feet
in wells that terminated in alluvial ml. Further south,inthe Griffith area, the this<ness of the
aquifer exceeds 1,oo0 feet

Figure e illustrates the locations of the calculated thinness

Water QualRy

In general, the water quality from the aquifer(s) within the Sacramento Valley meets the
ounent drinking water standards. Both GVID and the Valley Pioneer Water Company are
in compliance with the Departmentof Environmental Quality as a water providers

Laboratory analysis of the waters fromthe Golden Valley 5800 Well GV-1 [B(21-18)3dba]
showthatthe chemical quality of the composite sample takenfromthe well headduringthe
pumping test meets all the requirements for a "New Source'public'water supply (Errol L
Montgomery & Associates, 2005)

No recorded WQARF Superfund sites have beendesignated in the area of study

Recharge to the Sacramento Valley

The majority of the recharge to the Sacramento Valley occurs as runoff of the Hualapai
Mountains on the easter side of the basin infiltrating into the alluvial deposits of the valley
tioor. The flow is then towards the central portion of the basin and southward

The estimates of the outflow of the basin, and consequently the recharge when the basin
is in equilibrium, was calculated at 4,000 aa'e feet per year (Gillespie and Bentley, 1971
p. H27, Monera, 1994) and 1,000 acre feet per year by Rescore (1991). However
Rasoona does not describe the method used to calculate the outflow. Using the slope of
the water levels determined by Rescore on his map, 300 feet in sevenmiles, a width of the
outlet measured at 3.4 miles on the surface. constricted to 2 miles in the subsurface and
a transmissivity value of 46,000 god/ft then

Transmissivity x slope of water level x width in feet x 365 (year)
1325,851 (gallons per acre foot) = acre feet per year

46.000 x x 10,560 x 365 I 325,851 : 4,416 aqfff/yr

which matches the calculations ofGillespieand Bentley (1971) and Mantra
(1994) of approximately 4,000 aclfllyr



Aquifer Parameters

Transmlsslvlty

The values of transmlsswlty, calculated from pumping tests were taken from
various reports calculated by Marena Inc from pumping tests or in one
case estimated from the specxfnc capacity of a well (Thews and others pages
331 - 341, in Ber tall 1963), in the Sacramento Basin are

Pumplng T
9pd/fl

Recovery T
spa/ft

69.375 42 818

35 280

B(11-1 n9cad
B(17-17)32b¢b2
B(19-18)10aaa
B(19-18)10Cdd
B(19-1 B)1 Odaa
B(19-1 B)15aoe
B(19-18)15add
B(20-18)4bba
B(21 -18)32dcC
B(21 -19)1 Sddd
B(21 -19)25aaa 37.000

calculated from speclfzc capacity
taken from Glllespze and Bentley (1971 )

The pumping test and recovery data indicate that the portion of the basin
mdudmg and south of T 20 N have values off T greater than 43000 gpdlft
with a malorlty of the values exoeedmg 50,000 gpdlft There is one
exception to this range and the recovery data \ndlcates a value of 35 000
Qpdlft

Two of the three wells an T 21 N | R 18 w, which have test reports
available have values of T of 35 000 god/ft and 37,000 gpdlft In the
remammg well B121-19)13ddd(GvDwell1), the value ofT = 17 000 gpdlft
was calculatedfrom thefirstseventy minutes of the pumping test I e the
early TE The pumping levelsduringthe latter fourteen (1400 minutes) of
the test,Figure 7, mdlcatethatvalue of TL is mudl largerthan the calculated
TEof 17.000god/ft

The average of the pumping T value is 50 255 say 50,000 gpdlR and the
average of the recoveryTvalues 1s46 606 gpdlft Thus the averagevalue
of T = 46,000 gpdrlit used in the model appears reasonable

The valueof T = 46 000 god/ft is higherthanthe T valueused an the ADWR
review of the Goldenvalley 5800 model however Itms believed the data
supports the use of thos higher value



I
v
I
I

Specific Yield

All of the wells used in the model penetrate prlmanly alluvial materials contaanmg a Hugh
percentage of sand and gravels and moderate to minor amounts of clay Therefore ft is
believed that a specltic yield of Anne (9) percent is reasonable Modelruns using a speaflc
yield of seven (7) percent will be made to project a worst case scenario

There are at several factors which makes the use of the nine (9) percent value for the
specutic yield viable

the recharge to the basin was not duded In the calculations of drawdown
in the simulation model

I
I
I
1
I
I
I
I
I
I
I
t
I

the easter hydrologic boundary was established on the basis that wells
east of the hydrologic boundary penetrate lnterbedded layers of alluvial vIII
and volcanlcs or only the younger volcanlcs Regardless of the source
rocks these wells yield various amounts off water

consequently the easter hydrologic boundary has to be a leaky boundary
which will allow both the recharge and water dram ng from aquifers of the
variousrock types to the east to flow Into the "alluvial basinas delimited of
the Sacramento Wash as the water level in the Sacramento alluvlaIbasin
declines due to withdrawal and

the exact location of theeaster hydrologic boundary was determined by the
Iocatlon of wells containing subsurface volcanlcs In the dull cutting logs
The separation of the wells does not allow an exact delineation at the
hydrologic boundary therefore, It is possible that the alluvialbasin would be
slightly wider than stated, allowing a larger storage area than dehmrted It
is unIlkely that the delimited alluvialbasin would besmaller

SIMULATIONMODELING

Method of Calculate Drawdown

The simulation model utilized forthls study was THWells vet 4 01 (van Der Hellde 1996)
The program THWells calculates the drawdown of plezometrlc head due to the combined
effectof up to 100 discharge wells in a oonfmed leaky-confmed orunconfinedaquifer The
calculations of the total drawdown, in this case are based on the Thews equation for non-
steady state flow in an isotropic homogeneous confined aquifers with a coneduon applied
for water table aquifers Boundary effects can be included through the use of image well
theory

In this case the number of wellswas 19 discharge points within the alluvialaquifer with 19
Image well discharge points west of the alluvial basinand 19 \mage well discharge points
east of the alluvial basin for a total of 57 discharge points to simulate the two hydrologic
boundaries of the aIIuvlaI basin

7



It ns understood that there are Inherent weaknesses in themodelas designed, uncludlng the
fad that the aquiferhad to be considered a isotropic homogeneous formation, however
the model as as good or better than a more sophrstlcated model design consldenng the
limited volumeof data available to establish the aquifer charadenstlcs

Although thos ms a relatively simple model the field data is sufflclent to generate "good
results

Calculation - Descnptaon of Wlthdrawal

The volume of lmthdrawal was based on the volume of the designation of the Water
Company or the approved volumeof ground water allotted to a proposedsubdivision or the
prqeded industrial use of the 1-40 (Grlfflth) lndustnalComdor The volume allotted to the
designated areas are

GoldenValley Improvement Destnd 1 400 acre feet per year

Valley Pnoneer Water Company
8300 lots at 0,32 aclmot
Non-resldentlaI parcels
Mme call

2 656 acre feet per year
155 acre feet per year

3,000 acre feet per year

I Golden Valley 5800 9,000 acre feet per year

1-40 Cordon
Praxalr
MTC Person
Wal-Mart
Gnfflth Energy. 2,395 96 aclftlyr/35 years

20 acre feet per year
200 are feet per year
180 acre feet per year
839 acre feet per year

The GvlD, the Valley Pioneer Water Company the Mme call and Golden Valley 5800 have
fixed amounts of water allotted to the entity

The 1-40Comdof water demands were determined \n the following manner

The Praxalr, the MTC Prlson and Wal Mart waterdemands were the values
given by the entity

The Griffith Energy faclhtyhas a projected life of 40 years The plant has
been nn operation for a period of five years The present owners of the
Gnffrth Energy Plant calculated the use of 2398 96 acre feet per year for
the next 35 years based on

I
I
I
I
I
I
1
I

100 mllhon gallons per day for the months of June, July
August and September

75 mllIlon gallons per day for the months of October
November December Apnland May and,

8



2 million gallons per day for January, February and March

The total 1-40 Corridor well field thenhad a projected withdrawal of 1,239
acre feet per year

The 35 year usage of 83,894 acre feet was then spread over the 100 year
period of the simulated withdrawal yielding 839 aclftlyr

The total volume of withdrawal was then apportioned to the number of wells operated in
each entity

Withdrawal of ground water from the alluvial basin, used in the simulation model, was
based on the complete build out as of January 1, 2001. The volume of withdrawal was the
volume allocated by some form of an adequate water supdv designation' by the ADWR
plus the projected demand of the 1-40 Industrial Corridor near Griffith and the 8.000 acre
feet per year requested by virtue of this report and application

Simulated Withdrawal'from Basin

The location of wells. ADWR .l.D. Number and the committed volume of withdrawal, as of
October 2006. from each well used in model are

Present Designations or Demands

Golden Valley Improvement District 1,400 adftlyr

B(21 -19)13ddd
B(21-19)25aaa

55-530666
55-530665

624,960 god
624,960 god

Valley Pioneer Water Company. inducing the Mine call 5,810 ac/ft/yr

B(21-18)20dbb
B(21-.18)30bba
B(21-18)32bbb
B(21-18)32dCC

55-623084
55-523082
55-623083
55-623081

1,296,531 god
1,296,631 god
1,296,631 god
1,296,831 god

140 Industrial Corridor (100 year basis) 1,239 ac/fllyr

B(19-18)15acc
B(19-18)1 Ocdd
B(19-18)10aaa
B(19-18)10daa

55-574436
55-571367
55-580149
55-574434

276,527 god
276,527 god
276,527 spa
276,527 god

Golden Valley 5800 9,000 aclft/yr

B(20-18)4aaa
B(20-18)8bbb
B(20-18)8occ

1,339,114 god
1,339,114 god
1,339,114 god



I
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I

Application to be Filed

B(21-18)9bbb
B(20-18)15CCC
B(20-18)15ddd

Proposed Yucca Well Field: -6,000 adftlyr

1,339;114 god
1,389,114 god
1,339,114 god

B(18-18)11baa
B(18-18)12bCd
B(18-18)13bdd

1,785,485 god
1,785,485 god
1,785,485 god

Model Desiqn

I
I
9

The model design was:

The model utilized for the analysis of the drawdown in water levels was THWells, vet. 4.01 .
The origin of the model grid was located at the northwest comer of T. 21 N., R. 20 w.
G&SR B&M. Tcnnmships 17 through 21 North., Ranges 17through 20 West vivre included
in the grid so as to induce the alluvial portion of the Sacramento Valley extending from
Highway 68 south to Yucca and the areas of the image wells.

5280 feet in both the x and the y directions,
46,000 gallons per day per foot,
7 percent (.07) and 9 percent (.09)
500 feet

grid interval
transmissivity
specific yield
aquifer thickness
well locations:

production
image

volume of withdrawal:
GVID
Valley Pioneer Water Co.
Mine CSI!
1-40 Industrial Corridor
Golden Valley 5800
Yucca Well Field

given in Table 1
given inTable 1

1,400 acre feet per year
2,810 awe feet per year
8,000 acre feet per year
1,239 acre feet per year
9,000 acre feet per year
4,000 and 6,000 acre feet per year

The Golden Valley Improvement District wells, the valley Pioneer Water Company wells
and the 1-40Corridor wells used in the model are presently in place. Not all of the existing
wells owned by those entities were utilized in the model, however, the total projected
production for each entity was divided among the wells used.

The wells used in the model for withdrawal by the Golden Valley 5800 project and the
proposed Yucca Well Field for Golden Valley ImprovementDistrict are theoretical wells.
These well locations are approximate and the location of the wells may be moved based
on land acquisition. '

lo
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Model Runs and Results

Eight model runs were completed with the THWells results included as Appendices C
through J and plotted as Plates 1 through 8. Each run was for 100 years starting in the
year 2007 and ending in 2107. Each Mn assumed complete build out with its attendant
demand as of January 1, 2007

Although not a committed or requested demand for residential use, the 1-40 Industrial
Corridor projected use of 1,239 acre feet per year was included in all runs

The eight runs were subdiw'ded into four scenarios (cases) with a specific yield of seven (7)
percent and nine percent (9) in each scenario

existing conditions or designations

Plate 1 Water Level Declines in 100 YearsWhen T = 46,000 gpdlft
and SY = .01 for the committed demand of GVID = 1.400
aclftlyr, ValleyPioneer WaterCompany =2,811 ac/ftlyr and
the Mine Call = 3,000 aclft/yr

Plate 2 Water Level Declines in 100 Years When T = 461000 gpdlft
and SY = .09 for the committed demand of GVID = 1.400
ac/ft/yr,Valley Pioneer Water Company =2,811 adftlyr and
the Mine Call = 3,000 aclft/yr

Result in Case 1 (Plates 1 and 2)

the dranudowncausedby the withdrawal ofa total cf 7,211 acre feet per year from
the wells of the Golden Valley ImprovementDistrict and the Valley Pioneer wells in
the norther end of the basin and 1,239 acre feet per year atGriffith (I-40 Industrial
Corridor) word result in a decline in the water level of approximately one and one
half foot per year in the extreme northern end ort the basin around the wells in the
southwest portion of T. 21 N., R. 18 w. and one half foot per year in the Griffith
area. The difference causedby the difference in specific yield is relatively small in
this case

Case 2 the existing conditions of Case 1 plus the additional withdrawal of 9,000 acre
feet per year for Golden Valley 5800

Plate 3 Water Level Declines in 100 Years When T = 46,000 gpdlft
and SY = .07 for the committed demand of GVID = 1.400
aclfllyr, Valley PioneerWaterCompany = 2,811 aclftlyr and
the Mine Call = 3,000 aclftlyr and the Requested Demand for
Golden Valley 5800 = 9,000 aclftlyr

Plate 4 Water Level Declines in 100 Years When T = 46,000 gpdlft
and SY = .09 for the committed demand of GVID = 1.400



aclftlyr, Valley Pioneer Water Company = 2,811 aclftlyr and the
Mine Cali = 3,000 aclftlyr and the Requested Demand for Golden
Valley 5800 = 9,000 ali/yr

Result In Case 2 (Plates3 and 4) the decline caused by 16,211 acre feet in the northern
end of thebasinand the 1,239acre felt per year at Griffith (I-40 Industrial Corridor)
would result in a decline in the water level

ranging up to 4 feet per year in the oonoentrated well field in the norther
end of the basin and 1.5 feet per year at Griffith when the specific yield was
07

slightly more than 3 feet per year in the concentrated well field in the
norther end of the basin and 1 foot per year at Griffith when the specific
yield was .09, and

the conditions of Case 2 plus anadditional withdrawal of 4,000acre feet per
year at the proposed Yucca Well Field in T. 18 N., R. 18W

Plate 5 Water LevelDeclines in 100 Years WhenT = 46,000 gpdlft
and SY = .07 for the committed demand off GVID = 1,400
adftlyr, Valley PioneerWater Company = 2,811ac/ftlyr and
the Mine Call = 3,000 aclftlyr and the Requested Demand for
Golden Valley 5800 = 9,000 aclftlyrand the Proposed Yucca
Well Field = 4,000 aclft/yr

Plate S Water Level Declines in 100 Years When T = 46,000 gpdlft
and SY = .09 for the committed demand of GVID = 1.400
aclftlyr, Valley Pioneer Water Company = 2,811adftlyr and
the Mine Call = 3,000 aclft/yr and the RequestedDemandfor
GoldenValley 5800 = 9,000 aclfllyr and tlle ProposedYucca
WellField = 4,000 aclft/yr

Result In Case 3 (Plates 5 and 6) the decline caused by 16,211 acre feet in the northern
end of the basin, 1,239 acre.feet per year at Griffith (I-40 Industrial Corridor) and
4,000 ode feet per year at the proposed Yucca Well Field would result ina decline
in the water level

ranging from 2 feet up to 5 feet per year around one well near the easter
hydrologic boundary inthe concemrarted wellfield in the northern end of the
basin, 1.75 feet per year atGriffithand 1 .25 feet per year at the Yucca Well
Field when thespecific yield was .07

ranging from 2 feet UP to slightly more than 3.5 feet per year around one
well near the easter hydrologic boundary in the concentrated well field in
the norther end of the basin, one foot per year at Griff'rth and 1.2 feet per
year at the Yucca Well Field when the specific yield was .09



Case4 the conditions of.case2 plus an additional withdrawal of 6,000 acre feet per
year at the proposed Yucca Well Field in T. 18 n., R. 18 W

Plate 7 Water Level Declines in 100 Years When T = 48,000 gpdlft and SY
07 for the committed demand of GVlD = 1,400 aclftlyr, Valley

Pioneer Water Company = 2,811 aclftlyr and the Mine Call = 3,000
ac/ft/yr and the Requested Demand for Golden Valley 5800 = 9,000
ac/ftlyr and the Proposed Yucca Well Field = 6,000 adfllyr

Plate 8 Water LevelDeclines in 100 Years When T = 46,000 gpdlft and SY
. 09 for the committed demand of GVID = 1,400 aclftlyr, Valley

Pioneer Water Company = 2,811 ac/ftlyr and the MineCall = 3,000
aclftlyrand the Requested Demand for Golden Valley 5800= 9,000
aClfllyr and the Proposed Yucca WellField = 6,000 aclft/yr

Result In Case 4 (Plates 7 and 8) the decline caused by 16,211 acre feet in the norther
end of the basin, 1,239 acre feet per year at Griffith (I-40 IndustrialCorridor) and
6,000 acre feet per year at the proposed Yucca Well Fieldwould result in a decline
in the water level

I
ranging from 2 feet up to 5 feet per year around one well near the easter
hydrologicboundary in the concentratedwell field in the northern end of the
basin, 2 feet per year at Griffith and 1 .e feet per year at the Yucca Well Field
when the specific yield was .07,

ranging from 2 feet up to slightly more than 3.5 feet per year around two
wells near the easternhydrologicboundary in the concentrated well field in
the northern end of the basin, 1.75 foot per year at Griffith and 1.e feet per
year at the Yucca Well Field when the specific yield was .09,

v CONCLUSIONS

The Sacramento Valley basin is capable of yielding:

the 1,400 acre feet per year committed to the Golden Valley Improvement District.

the 2,a10 acre feet per year committed to the Valley Pioneer Water Company,

the 3,000 acre feet per year for the Mine call,

the 1,239 acre feet per year demand of the 1-40 Industrial Corridor;

the 9,000 acre feet per year application for Golden Valley 5800, and,

the 6,000 awe feet per year requested in this application, to be transported to the
GVID area in the norther portion of the basin;4 la



forth next 100 years based on a value oftransmissivityof 46,000gallons perday per foot
anda specific yieldof either seven percent or ninepercent

The thickness of the saturated aquifer in the norther end of the basin, that portion called
Golden Valley, ranges from 443 feet to more than 575 feet, thus the drawdown does not
exceed the saturated thickness. Further, although the model indicates that the water level
will decline 500 feet around one well in the concentrated well field in the northern portion
of the basin, there are a number of mitigating circumstances which will restrict the water
level from declining to that depth during the 100 year period defined for this study

1. the model runs were all based on complete build out on January 1, 2007, whereas
at this time

the Golden Valley Improvement District has an allotment for 6,200
lots but is sewing only 1,380 meter connections for a withdrawal of
317 acre feet per yean
Valley Pioneer Water Company has an allotment for 8,300 lots but
is serving only 2,072 meter connections with a withdrawal of 537

acre feet per year:
Golden Valley 5800 has not yet started ground water withdrawal, but
may be approved for approximately 20,000 lots, and
the 1-40 Industrial Corridor will not be at full withdrawal for another
two years

As it is unlikely that complete build out will be complete for at least 25 plus years
the volume of withdrawal will be significantly less than stated in the model

2. th recharge of approximately 4,000 acre feet per was not included in the model
which will add 400,000 acre feet of water to the aquifer over the next 100 years

3. there are numerous producing wells east of the eastern hydrologic boundary of the
defined alluvial aquifer, indicating a minor aquifer in the alluvial - volcanic inter
bedded formation to the east of the defined alluvialaquifer. Asthe water level in the
definedalluvial basin decline, ground water from the minor aquifer to the east will
flow through the delimited hydrologic boundary into the defined alluvial basin
increasing the recharge rate to the alluvial aquifer, and

anally,as the mine call is dependent on the economics of copper, the mine call may
not be a continuous withdrawal of the 3,000 acre feet per year for the next 100
years. In past 60 yearswithdrawal fromthe groundwater reservoir for the mine
was in effect only is years
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VALLEY PIONEERWATER COMPANY (2,811 aclft)
MINE CALL (3,000 aclft)
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yuccA [Gvl0] (6000 aclft)
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2 million gallons per day for January, February and March

The 35 year usage of 83,894 acre feet was then spread over the 100 year
period of the simulated withdrawal yielding 839 aclfllyr

The total 1-40 Corridor well field then had a projected withdrawal of 1,239
acre feet per year

The total volume of withdrawal was then apportioned to the number of wells operated in
each entity

Simulated Withdrawal'from Basin

Withdrawal of ground water from the alluvial basin, used in the simulation model, was
based on the complete build out as of January 1, 2007. The volume of withdrawal was the
volume allocated by some form of an adequate water supply designation by the ADWR
plus the projected demand of the 1-40 Industrial Corridor near Griffith and the 6,000 acre
feet per year requested by virtue of this report and application

The location of wells, ADWR .l.D. Number and the committed volume of withdrawal, as of
October 2006, from each well used in model are

Present Designations or Demands

Golden Valley Improvement District 1,400 aclft/yr

B(21-19)1 Sddd
B(21-19)25aaa

55-530666
55-530665

624,960 spa
624,960 god

Valley Pioneer Water Company, inducing the Mine call 5,810 aclftlyr

B(21-18)20dbb
B(21-.1s)30bba
B(21-18)32bbb
B(21-18)32dCC

55-623084
55-623082
55-623083
55.523081

1,296,631 god
1,296,631 god
1,296,631 god
1,296,631 god

1-40 Industrial Corridor (100 year basis) 1,239 adftlyr

B(19-18)15acc
B(19-18)1 Ocdd
B(19-18)10aaa
B(19-18)1 Odaa

55-574436,,
55-571367
55-580149
55-574434

6"7 l1»§W
275,527 QPd
276,527 god
275,527 god
276,527 god

Golden Valley 5800 9,000 aclftlyr

/ B(20-18)4aaa
B(20-18)8bbb
B(2D-18)8ccc

1,339,114 god
1,339,114 god
1,s39,114 god

N0yu.
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SUMMARY AND CONCLUSIONS

The following summary and conclusions are based on compilation and review

of hydrogeologic data for the study area and development and testing of an

analytical model. Projections of 100-year impacts from pumping to supply the

proposed development at the Golden Valley South Master Planned Community (the

Property") indicate the availability of 15,000 acre-feet per year (AFlyr) of good

quality groundwater, which exceeds the projected water demand for the proposed

development

1. The parcels comprising the proposed development at Golden Val ley

South are ident i f i ed as the "Proper ,  and are located in a nor ther

part  of  Sacramento Val ley known as Golden Val ley.  The Property

includes approximately 5,800 acres south of  State Highway 68, west

of  Interstate Highway 40, and north of  U.S. Highway 66 (Figure 1)

The proposed dev e l opm ent  i s  shown on t he  pre l i m i nary  p l a t  i n
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Attachment 2 Of  the Application and includes presently undeveloped

desert land located in parts of 9  se c t i o n s  o f  l a n d  so u t h  f r o m

Shinarump Road (Sections 2, 3, 4, 8, 9, 10, 11, 14, and 16, Township

20 North, Range 18 W est),  and a quarter sect ion of  land north f rom

Shinarump Road (southwest quarter of Section 34, Townsh i p  21

North, Range 18 W est ) . T i t l e repor ts demonstrating property

ownership are given in Attachment 4 of the Application

2. The Sacramento basin is a graven developed between the major

gently east-dipping Mockingbird Mine fault on the west and the west

dipping Cerbat Mountains fault on the east. The basin is filled with a

thick sequence of alluvial deposits of Tertiary to Quaternary age that

overlies fractured granitic, metamorphic, and volcanic bedrock units

and is interbedded with younger volcanic rocks at some locations

The bedrock units form the basal and lateral boundaries of the basin

and yield small quantities of groundwater to wells, except where

abundantly fractured. The basin-fill alluvial deposits comprise the

principal groundwater aquifer: thickness of these deposits ranges

from a featheredge at the mountain fronts to possibly more than

4,000 feet in the north part ofthe basin. The volume of groundwater

in storage in the principal Sacramento Valley aquifer system far

exceeds the annual volume of recharge and discharge of

groundwater in the basin

The al l uv ia l  basin- f i l l  deposi ts i n  Sacramento Val l ey  hav e been

di v i ded i n to  t hree m aj or  un i t s: younger al luv ium, intermediate

alluv ium, and older alluv ium (Gil lespie and Bentley, 1971 ). The older

al luv ium uni t  is the principal  aqui fer for v i rtual ly al l  of  the ex ist ing

produc t i on water  wel l s i n  the non-bedrock  areas of  Sacram ento

GoldenvalleyAdeqRepi.text.July2005.doc
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Valley. The lower part of the unit lies below groundwater table and

reported yield to wells ranges from a few gallons per minute (rpm) to

more than 2,000 rpm, most reported yields are small due chiefly to

the Pump capacity selected for domestic or stock use and are not

representative for production capacity of the unit. At well GV~1 [B(21

18)34dba], located immediately north of the Property (Figure 1)

depth to non-pumping groundwater level in the older alluvium unit

was about 765 feet below land surface (bis) and sustainable yield of

the well exceeded the maximum capacity of the test pump. which

was about 2,500 rpm. Well records and geophysical data for the

basin demonstrate that the principal aquifer in Sacramento Valley is

extensive. thick, and contiguous throughout most of the basin, and

provides a good source of adequate groundwater supply to the

proposed Rhodes Homes development. Data indicate that depth to

bedrock and thickness of the older alluvium unit increase from east to

west across the Property and are maximum near the west boundary

of the Property

4. Groundwater in the older al luvium unit in the north part of

Sacramento Valley generally moves from north to south, as shown

on Figure 1, in the same direction as ephemeral surface water flow

in Sacramento Wash. Groundwater and surface water flow exits the

basin to the Colorado River val ley near Topock, Arizona

groundwater also leaves the basin by pumping from wells. Altitude of

groundwater level in spring 1990 ranged from 1,800 feet above mean

sea level (mal) north of State Highway 68 to 1,500 feet mal at Yucca

(Rescore, 1991). Average hydraulic gradient of groundwater

movement across the Property at that time was about 0.002, or 10.4

feet per mile. Altitude of groundwater level measured in the older

GoldenValleyAdeqRept.te>d.July2005.doc
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alluvium unit was about 1,794 feet mal in June 2005 at well GV-1 .

Results of drilling for well GV-1 suggest that unconfined aquifer

conditions occur in the Property area.

The current average depth to groundwater at the Property is

estimated to be about 755 feet bis. Therefore, it is assumed that the

available groundwater level drawdown above the 1,200-foot Arizona

Department of Water Resources (ADWR) water adequacy criterion is

445 feet.

6. Results of laboratory chemical analysis and measurements of field

water quality parameters for depth-specMc samples and a composite

well head sample obtained from Rhodes Homes well GV-1 [B(21-

18)34dba] are summarized in Table 2. Results indicate that,

although elevated concentrations of arsenic were detected in the

groundwater sample obtained in the depth interval from 1,160 to

1,180 feet bis during pilot borehole testing, chemical quality of the

composite well head sample obtained from the completed well at the

end of the 24-hour pumping test is excellent and meets all

requirements for a new source of public water supply as defined by

Arizona Department of Environmental Quality (ADEQ).

7. Records for 440 wells within the study area were compiled from the

ADWR "55" well registry, "35" well registry, and Groundwater Site

Inventory databases (Table 1). Historic pumping from wells in the

study area is poorly documented, except for the Griffith Energy power

plant wells, public water supply wells for Valley Pioneer's Water

Company and Golden Valley County Improvement District No. 1

(GVCID), and anecdotal information for past use of the Mineral Park

GoldenVat1eyAdeqRept.texLJuly2005.doc
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wells. Records are poor for pumping for other domestic, industrial,

irrigation, stock, and other small capacity uses.

Based on the current  groundwater wi thdrawals a t  the large

production wells in the  a rea  versus past  Mhdrawals ,  i t  was

considered appropriate to add a simulated regional decline of 1 foot

per year (ft/yr) to the projected drawdown impact for the model to

represent future pumping from active wells in the area. This 1 ft/yr

regional decline is designed to simulate both the ongoing current

demand of the area and increased future stumpage for Pioneer's

Valley Water Company for additional committed demand they will

likely serve in the future. Many of the pre-platted lots in Golden

Valley lie within the service area for Valley Pioneers Water Company

or GVCID.

9. According to the Golden Valley Area Plan (Mohave County, 2002),

there are several areas of Golden Valley South that have pre1965

platted subdivisions. The purpose and intent of the GVCID is to

provide future water and mad improvements to those subdivisions

through their current designation of water adequacy. it is reasonable

to assume that the current and committed demand within the area of

Golden Valley 5800 parcel, owned by Rhodes Homes, is sufficiently

simulated by a 1 ftlyr ongoing regional decline rate over 100 years.

10. Based on pumping test data for wells in the Property area. the

geometric mean hydraulic conductivity for the principal aquifer is

calculated to be about 100 gallons per day per square foot (god/itz).

Based on data obtained for well GV-1 and on geophysical data for

the Property area, average saturated thickness of the aquifer at the

Gdda1vaIleyAdeqRept.texLJuly2005.doc
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Property area is estimated to be more than 750 feet. To provide a

conservatively small estimate of saturated aquifer thickness for

modeling purposes, a value of 550 feet was used. Based on this

information, an average aquifer transmissivity of 55,000 gallons per

day per foot width of aquifer (god/ft) was used to simulate impacts of

pumping for the model

i n

eau

-nm

-

-

11. Gillespie and Bentley (1971) estimated that speeitic yield of the

principal aquifer in Sacramento Valley ranges from 0.05 to 0.10.

Results of drilling for well GV-1 suggest that unconfined aquifer

conditions occur in the Property area. Therefore, a specific yield of

0.07 was used to simulate impacts of proposed pumping at the

Property for the model.

41
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12. Projected water demands were estimated for the proposed

development based on the projected number of residential units and

acreages for other land uses identified by Rhodes Homes. Types of

residential lots induce only single family, residential water demands

include interior and exterior uses. Other water demands include:

interior and exterior demands for commercial property and schools,

and landscaping demands for right-of-ways, easements, and parks.

In addition, water demands for construction water and for lost and

unaccounted for water were included. The projected total water

demand following build out is estimated to be about 14,714 AF/yr

13. Projections of 100-year drawdown resulting from estimated

groundwater pumping for water supply at the Property were made

using the computer software "THWELLS" (van Der Heijde, 1996)

Based on depth to bedrock contours, groundwater level contours

Gadenval1eyAdeqRept.te>n.Juay200s.a0>



ERROL L. MONTGOMERY & ASSOCIATES, INC

regional  grav i ty survey data, and records for wel ls in the basin, two

hydrologic barrier boundaries were simulated to represent the basin

bounding faul ts along the east and west  margins of  the basin f loor

(F igures 1  and  5) . In addition, al though av ai l able data do not

support the ex istence of  a hydrologic ban'ier boundary between the

Sacramento and Detrital Valleys, such a boundary was added to the

model to address concerns v oiced by ADW R staf f  at a preliminary

project meeting held on June 7, 2005

a n

-

-

a n

e a

4 1

14. Table D-1 and Figure 5 show the simulated drawdown caused solely

by the proposed pumping at the pwpertsc the regional groundwater

level decline of 1 ft/yr (100 feet over 100 years of pumping) must be

added to the drawdown shown. Maximum simulated groundwater

level drawdown from all sources of pumping, including the regional

groundwater level decline, is about 399 feet at Pumping Well 5

(Table D-1), which is the sum of the simulated drawdown due to

pumping at the property (299 feet) plus 100 feet of regional

groundwater level decline. Therefore, the resulting maximum depth

to water after 100 years at Pumping Well 5 is projected to be about

1,154 feet bis, which is the average current depth to groundwater at

the Property of 755 feet bis plus the simulated drawdown of 399 feet.

15. Projected 100-year impacts of pumping for water supply for the

proposed development indicate that less than 300 feet of additional

drawdown will be required to meet the needs of the development

and sufficientgroundwater is available to serve the development and

meet all ADWR requirements

•

GoldenValleyAdeqRept.text.J Llly2005.doc
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IN THE VICINITY OF THE
GOLDEN VALLEY SOUTH MASTER PLANNED COMMUNIW

MOHAVE counTy, ARIZONA

Prepared for
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INTRODUCTION

On behalf of RHODES HOMES ARIZONA LLC ('Rhodes Homes"), Errol L

Montgomery & Associates, Inc. (M&A) has prepared this report to document results

of review and analysis of hydrogeologic infomlation for the vicinity of the proposed

development identified as the Golden Valley South Master Planned Community in

Mohave County, Arizona. The proposed development is referred to as the Rhodes

Golden Valley 5800 site in some previous documents. The purpose of this review

and analysis is to evaluate the potential for development of a 100-year groundwater

supply to serve the proposed Golden Valley South development. This report

includes a summary of available hydrogeologic data, calculation of water demands

for the. development based on projected land-use information provided by Rhodes

Homes, development of an analytical model for the study area, and use of the model

to project impacts of groundwater pumping for the 100-year water supply for the

GoldenVa11eyAdeqRept.texLJ ullao05.uoc
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proposed development. This report comprises Attachment 5 of the Application for

Analysis of Water Adequacy being submitted to Arizona Department of Water

Resources (ADWR)

GoldenvalIeyAdeqRept.tead.Jdly2005.doc
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DESCRIPTION OF STUDY AREA

The study area is located in the Mohave Desert,  which is a transi t ional area

separating the Great Basin Desert to the north and the Sonoran Desert to the south

(Rescore,  1991). Figure 1 i s a l ocat i on m ap f or  the study area. The parcels

compr i sing the proposed Golden Val l ey  South Master  P lanned Communi ty  are

identi f ied as the "Property',  and are located in a norther part of  Sacramento Val ley

known as Golden Valley. The Property includes approximately 5,800 acres (Stanley

Consul tants Inc.,  2005) south of  State Highway 68, west of  Interstate Highway 40,

and nor th of U.S. Highway 66 (Figure 1). Ti t le reports demonstrat ing property

ownership are given in Attachment 4 of the Application.

The proposed development is shown on the preliminary plat in Attachment 2

of the Application and includes presently undeveloped desert land located in parts of

9 sections of land south from Shinarump Road (Sections 2, 3, 4, 8, 9. 10, 11, 14,

and 18, Township 20 North, Range 18 West), and a quarter section of land north

from Shinarump Road (southwest quarter of Section 34, Township 21 North, Range

18 West). This report describes water demands and impacts from development of

the parcels currently owned by Rhodes Homes. Hydrogeologic conditions are

summarized for the area shown on Figure 1, which is defined by the basin boundary

on the north, east, and west, and by an arbitrary east-west boundary located south

from Yucca, Arizona, approximately coinciding with the south boundary of Township

17 North. The study area comprises the entire norther part of Sacramento Valley.

Go1denValleyPdeqRept.tea<t.July2005.doc
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HYDROGEOLOGIC CONDITIONS

Sacramento Valley has a semi-arid climate characterized by hot summers

and mild winters, average annual precipitation ranges from about 7.6 inches at

Yucca, in the south part of  the study area, to about 10.5 inches at Kinsman,

northeast from the Property (Western Regional Climate Center, 2005). Streams in

Sacramento Valley are generally ephemeral and flow only in direct response to

storm water runoff events, therefore, groundwater is the only reliable source of

water. The valley floor in the north part of Sacramento Valley consists of gently

sloping, coalescing alluvial fans that extend from the mountain fronts on the west

and east margins of the elongate basin and meet along the Sacramento Wash

channel, which flows south through the basin and is tributary to the Colorado River.

Sacramento Wash flows along the west boundary of the Property; The valley floor

in the north part of Sacramento Valley slopes southward from an altitude of about

3,420 feet above mean sea level (mal) at the topographic divide with Detrital Valley

about 1 .5 miles southwest from Grasshopper Junction to about 1,100 feet mal near

Yuoca, Arizona. Maximum altitudes in the basin range from 5,216 feet mal near

Mount Nutt in the Black Mountains on the west to 8,417 feet mal at Hualapai Peak in

the Hualapai Mountains on the east. Groundwater and surface water flow exits the

basin to the Colorado River valley near Topock, Arizona, altitude of land surface at

Topock is about 460 feet mal. Groundwater also leaves the basin by pumping from

wells.

A literature search was conducted to obtain published reports for the area

that contain relevant hydrogeologic information. Sources of hydrogeologic

information used for this study include publications and data tiles of the U.S.

Geological Survey (USGS), ADWR, the Arizona Geological Survey, the Nevada

Bureau of Mines and Geology, the Utah Geological Association, universities, and

GoldenValleyAdeqRept.text.J uly2005.doc
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private consultants. In addition, production water well GV-1 (ADWR registration

number 55-901789) was constructed and tested for Rhodes Homes one-half mile

north of the Property at state cadastral location (B-21 -18)34dba. Data obtained from

these sources include: 1) well construction details, 2) reported well pumping rates,

3) groundwater level data, 4) groundwater quality data, 5) lithology, physical, and

structural characteristics for geologic units, and 6) aquifer parameters and pumping

test data.

An inventory of well records for the study area shown on Figure 1 is given in

Table 1. To focus on the aquifers in the study area that are important to water

supply for the Property, Table 1 and Figure 1 exclude wells located in the bedrock

areas shown on Figure 1. The well numbering system for the State of Arizona is

described in Appendix A A lithology log for new production water well GV-1 is

given in Appendix B.

PREVIOUS INVESTIGATIONS

. Literature reviewed and used for preparation of this summary hydrogeologic

report is listed in the References CRed section. Previous investigations by Richard

and others (2000) document geology of  the mountain ranges that bound the

groundwater basin in which the Property lies. Data for the groundwater system and

hydrogeologic conditions beneath the floor of Sacramento Valley are available from

results of drilling and testing selected wells in the basin. For the Property area,

lithology logs and pumping test results are available for deep wells constructed for

the Mineral Park mining operations (Gillespie and Bentley, 1971), Golden Valley

County Improvement District (GVCID) No. 1 (Mantra, Inc., 1991), Griffrth Energy,

L.L.C. (Mar era, Inc., 1999), and Rhodes Homes (this report). Gillespie and

Go%denValleyAdeqRept.texLJuly2005.doc
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others (1966), Gillespie and Bent ley (1971),  and Rescore (1991) provide

groundwater basic data and analyses of the hydrogeologic system in the Property

area.

A key aspect of the hydrogeologic conditions in Sacramento Valley is the

complex structural geology of the region, which affects the geometry, boundaries,

and lithology of the groundwater aquifers. Numerous studies have been published

for the geologic evolution of the norther Colorado River extensional oon'idor in

northwest Arizona and southern Nevada and the transition from the Colorado

Plateau to the Basin and Range Physiographic Province. Faulds and others (2001)

provide a particularly useful compilation and synthesis of the regional structural and

geologic conditions that affect the Sacramento Valley groundwater system.

GEOLOGIC CONDITIONS

The Property is located in the north-central part of an elongate structural

basin bounded on the east by the north-northwest-trending Cerbat Mountains and

Hualapai Mountains, and on the west by the north-northwest-trending Black

Mountains (Figure 1). The Sacramento groundwater basin is further bounded on

the north by a groundwater and surface water divide with Detrital Valley and on the

south by the Mohave and McCracken Mountains. South of the study area, the

norther and southern parts of Sacramento Valley coalesce and both surface water

and groundwater exit the basin westward toward the Colorado River near Topock,

Arizona. The entire basin is about 70 miles long from north to south and is an

average of about 20 miles wide from east to west, total area of the basin is about

1,500 square miles (Rescore, 1991). The study area is underlain by Quaternary

and Tertiary alluvial sediments that were deposited in the structural basin, which
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encompasses the main part  of  Sacramento Val ley. Extent of  the al luv ial  basin is

general ly def ined by faul t-block mountain ranges, characterist ic of  the Basin-and

Range physiographic prov ince

T he  m oun t a i n r a n g e s  a r e composed chi e f l y  o f  up l i f t ed Precambrian

metamorphic and igneous rocks that have been intruded by younger igneous rocks

The Cerbat Mountains to the northeast and the Hualapai Mountains to the east are

composed pr imari ly of  Precambrian grani t ic igneous rocks and gneiss wi th some

schist  (Gi l lespie and Bent ley,  1971 ) . T h e  B l a c k  M o u n t a i n s  t o  t h e  we s t  a r e

composed primari ly of  Tertiary, and Cretaceous (?) and Tertiary volcanic rocks with

some Precambrian metamorphic rocks (Gi l lespie and Bent ley,  1971). The older

volcanic nocks consist of a thick sequence of andesine and ratite f lows and tuff  beds

and form the main mass of  the Black Mountains (Gi l lespie and Bentley, 1971). The

younger volcanic rocks consist of  basalt f lows, basaltic andesine f lows and tuf f , and

rhodol i te tuf f  and Ignimbri tes, these rocks crop out over large areas near Kingman

where they are the pr incipal  aqui fer f or  the Kingman wel l  f ield,  and in the Black

Mounta ins (G i l l esp ie and Bent l ey , 1971 ). T he  y ounge r  v o l c an i c  r oc k s  a r e

interbedded with the older al luv ium in the basin-t i l l  deposits. The mountain ranges

and al luv ial  basin are associated wi th a complex structural  history of  ex tensional

faul t ing that  occurred chief ly between 15 and e mi l l ion years ago (Anderson and

others, 1992)

The Sacramento Valley groundwater basin Is filled with a thick sequence of

alluvial deposits of Tertiary to Quaternary age that overlies fractured granitic

metamorphic, and volcanic bedrock units, and is interbedded with younger volcanic

rocks at some locations. The bedrock units form the basal and lateral boundaries of

t he  bas i n  and  y i e l d  sm a l l  quan t i t i es  o f  g r oundwat e r  t o  we l l s ,  ex cep t where

abundant ly f ractured. The basin- f i l l  a l l uv ia l  deposi ts comprise the pr inc ipal

groundwater aquifer, thickness of  these deposits ranges from a featheredge at the
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mountain f ronts to possibly more than 4,000 feet in the north part  of the basin

(Gillespie and Bentley, 1971) D e p t h  t o  b e d r o c k  c o n t o u r s ,  a s  d e f i n e d  b y

Oppenheimer and Sumner (1980),  are shown on Figure 1 for the north part of the

basin. The al luv ial  basin-f i l l  deposits in Sacramento Val ley have been divided into

three major urns: younger al luv ium, intermediate alluvium, and older  al luv ium

(Gillespie and Bentley, 1971 )

Younger Alluvium

The younger alluvium of Holocene age consists of unconsolidated gravel

sand, silt, and clay deposited on alluvial slopes and flood plains and in stream

channels (Wilson and Owen-Joyce, 1994). The deposits chiefly contain fragments

of granite, schist, gneiss, and volcanic rocks and range in thickness from a few feet

to as much as 50 feet (Gillespie and Bentley, 1971). Where penetrated by well GV

1 near the Property (Figure 1), the lithology log suggests that younger alluvium may

have been penetrated from land surface to a depth of 40 feet below land surface

(bis) based on grain size distribution (Appendix B). This unit is important for

conveying recharge of storm water runoff to deeper units along stream channels, but

generally is not important as a source of groundwater for wells in Sacramento

Valley, except where it may be saturated in mountain stream channels

Intermediate Alluvium

The intermediate al luv ium may be of  Pleistocene and Tert iary age and is an

extensive near-surface deposi t  underlying the val ley f loor (Gi l lespie and Bent ley

1971 ). The deposits chief ly contain weakly to moderately consolidated fragments of

grani te, schist,  gneiss, and volcanic rocks and range in thickness f rom 200 to 500
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feet (Gillespie and Bentley, 1971). Where penetrated by well GV-1 near the

Property (Figure 1), the lithology log suggests that the intermediate alluvium may

have been penetrated from 40 to 400 feet bis based on grain size distribution and

lithification (Appendix B). This unit is important for conveying recharge of storm

water runoff to deeper units along stream channels and mountain fronts, but occurs

chiefly above the groundwater table and, therefore, is generally not important as a

source of groundwater for wells in Sacramento Valley

Older Alluvium

any

The older alluvium of Tertiary age was deposited in alluvial fans that extend

from the surrounding mountain ranges into the valley floor and consists of weakly to

moderately consolidated gravel, sand, silt, and clay (Wilson and Owen-Joyce, 1994).

The mineralogy and rock type of  the older alluvium sands and gravels are

representative of the some rocks in the surrounding mountains that have shed into

the basin by erosive processes. Where penetrated by well GV~1 near the Property,

this unit consists chiefly of gravel, sand, .and clay interbedded with lava flow rock

and some tuff (Appendix B).

Granitic bedrock was encountered in well GV-1 at a depth of 1,550 feet bis

therefore, if the upper contact of the unit is at 400 feet bis, thickness of the unit is

1,150 feet at well GV-1. Geophysical data indicate that depth to bedrock and

thickness of the unit increases from east to west across the Property (Gillespie and

Bentley, 1971, Oppenheimer and Sumner, 1980). Depth to bedrock at well GV-1

(1 ,550 feet bis) is about one-half the depth projected by Oppenheimer and Sumner

(1980) (nearly 3,200 feet bis) (Figure 1), however, data for other deep wells, such

as the Christmas Tree wells by Santa Claus [well (B-22-18)4bbb with total depth of

2,510 feet bis and well (B-22-18)5dac with total depth of 2,437 feet bis (Table 1)] are

consistent with the depth to bedrock contours of Oppenheimer and Sumner (1980)
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A seismic refraction survey was conducted under USGS direction to measure

thickness of the basin-fill alluvium along an east-west profile at the south boundary

of the Property (Gillespie and Bentley, 1971 ). The USGS interpreted results of this

survey to indicate that depth to bedrock increases from the east and west margins of

the basin floor to a maximum depth of 4,400 feet bis about 1 mile due south of the

westernmost boundary of the Property at the southwest corner of Section 8,

Township 20 North, Range 18 West (Gillespie and Bentley, 1971 ). Depth to bedrock

interpreted by USGS where well GV-1 is projected south orthogonally to the seismic

profile is about 1,650 feet bis, which correlates well with the depth to bedrock at well

GV-1 (1,550 feet bis). These relations indicate that depth to bedrock and thickness

of the older alluvium unit increase from east to west across the Property and are

maximum near the west boundary of the Property, as shown on Figure 1 .

The older alluvium unit is the principal aquifer for virtually all of the existing

production water wells in the non-bedrock areas of Sacramento Valley. The lower

part of the unit lies below groundwater table and reported yield to wells ranges from

a few gallons per minute (rpm) to more than 2,000 rpm (Table 1); most reported

yields are small due chiefly to the pump capacity selected for domestic or stock use

and are not representative for production capacity of the unit. At well GV-1 . located

immediately north from the Property (Figure 1), depth to non-pumping groundwater

level in the older alluvium unit was about 765 feet bis and sustainable yield of the

well exceeded the maximum capacity of the test pump, which was about 2,s0o rpm.

GEOLOGIC STRUCTURAL FEATURES

Sacramento Valley lies in the norther Colorado River extensional corridor

and the transition area from the Colorado Plateau to the Basin and Range
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Physiographic Province. Extreme Cenozoic structural extension occurred in this

region and was accompanied by extensive systems of high and low angle normal

faults. Iistric normal faults, thrust faults, detachment faults, and strike-slip faults. The

structural features of Sacramento Valley are classified in the Whipple domain, which

comprises a system of east-dipping normal faults and west-tilted fault blocks (Faulds

and others, 2001). This structural system is believed to be associated with

abundant fracturing of bedrock and overlying Iithified rock units

The Sacramento basin is a graven developed between the major, gently east

dipping Mockingbird Mine fault on the west and the west-dipping Cerbat Mountains

fault on the east (Faulds and others, 2001). These faults are associated with the

model boundaries described later in this report

Inspection of residual Bouguer anomaly gravity data for Sacramento Valley

indicates that the low-gravity structural trough that is the basin graven extends north

and south from the Rhodes Homes Property. These data, together with other well

data and geophysical data for the basin, demonstrate that the principal aquif

Sacramento Valley is extensive, thick, and contiguous throughout most of the basin

and provides a good source of adequate groundwater supply to the proposed

Rhodes Homes development

ADWR has raised the concern that an aquifer boundary may occur at the

surface water divide between Sacramento and Detrital Valleys. The deep wells

nearest to that area are the Christmas Tree wells near the town of Santa Claus

(Table 1; Figure 1), and include: Christmas Tree well no. 2 [(B-23-18)33cbc2]. with

a total depth of 2,132 feet bis and depth to water of 1,236 feet bis, Christmas Tree

well no. 3 [(B-22-18)4bbb], with a total depth of 2,510 feet bis and depth to water of

1,207 feet bis, and Christmas Tree well no. 4 [(B-22-18)5dac], with a total depth of

2,437 feet bis and depth to water of 1,194 feet bis. The logs for these wells indicate
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that  bedrock was not  encountered,  these wel ls are wi thin 4 m i les of  the surface

water div ide (Figure 1). These data i ndi cate there is a substantial saturated

t h i ckness of  the pr i nc ipa l  aqui f er  near  the d i v i de and,  i n the absence of any

recognized major fault crossing the basin between the wells and the div ide, suggest

that an aquifer boundary does not occur between the two basins.

AQUIFER HYDRAULIC PROPERTIES

Important aquifer hydraulic properties that control rate of groundwater

movement and amount of groundwater storage in the aquifer include transmissivity,

hydraulic conductivity, and specific yield or storage coefficient. Transmissivity is

defined as the rate of groundwater movement under a 1:1 hydraulic gradient through

a vertical section of an aquifer 1 foot wide and extending the full saturated thickness

of the aquifer (Theis, 1935). Units for transmissivity are gallons per day per foot

width of aquifer (god/tt). Transmissivity is a measure of the ability of an aquifer to

transmit groundwater and is equal to the product of hydraulic conductivity and

saturated thickness of the aquifer. Hydraulic conductivity is defined as the rate of

groundwater movement, under a 1:1 hydraulic gradient, through a unit area of

aquifer material (Heath, 1989). Hydraulic conductivity has units of gallons per day

per square foot (gpdlflF). Hydraulic conductivity is also commonly expressed in units

of feet per day (ft/day), which is gpd/ft2 divided by 1.48 gallons per cubic foot.

Specific yield is defined as the volume of water that would drain from a unit volume

of aquifer material and is dimensionless, this term is applied to unconfined aquifers.

Storage coefficient is defined as the volume of water released from storage in a unit

prism of an aquifer when the hydraulic head is lowered a unit distance, this term is

applied to confined aquifers (Heath, 1989).
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A search of ADWR records, USGS publications, and consultants reports

yielded little pumping test information for wells in the Sacramento Valley

groundwater basin. However, the available data are for wells located at or near the

Rhodes Homes Property. Construction details for wells in the ADWR well records

for Sacramento are summarized in Table 1. In addition, a pumping test was

conducted by M&A for the principal aquifer at new production water well GV-1,

located immediately north from the Property(Figure 1).

Well GV-1 Pumping Tests

From June 2 to June 12, 2005, a step-rate pumping test and a constant-rate

aquifer test were conducted at well GV-1. During the tests, the following parameters

were monitored: depth to water level, instantaneous discharge rate, total volume of

groundwater pumped. discharge pressure, and water quality parameters. Discharge

rate was monitored using a mechanical flow meter and an orifice plate and

manometer. Depth to groundwater level in the pumped well was monitored using

both an electronic transducer connected to a datalogger and an electric water level

sounder. Depth to groundwater level monitored using the transducer was calibrated

using an electrical sounder before and after testing operations. Drawdown

measured using the transducers was generally the same as drawdown measured

using the sounder. Transmissivity was calculated from aquifer test results using the

Cooper-Jacob graphical method (Cooper and Jacob, 1946).

On June 2 and 9, 2005, a step-rate pumping test was conducted at well GV-1

to select a sustainable pumping rate f or  the subsequent 24-hour constant-rate

aquifer test and to evaluate well eff iciency. During the step-rate test,  the wel l  was

pumped f or  f i v e per iods (steps)  of  120 m inutes. Dur ing each step, a constant

discharge rate was maintained. However, near the end of  the third step conducted

on June 2, pumping was stopped at  the request  of  Mohav e County unti l  a culvert
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could be installed where the discharge water crossed Shinarump Road. The step

test was resume on June 9 after the culvert was installed and the third step was

repeated. Discharge rate was increased for each subsequent step. At the end of

the step-rate test, the pump was shut off and groundwater level was allowed to

recover before conducting the aquifer test.

On June 10, 2005, a constant-rate aquifer test was conducted at well GV-1 .

Duration of the pumping period was 24 hours. A nearly constant discharge rate of

about 2,020 rpm was maintained for the entire pumping period. All measurements

for discharge rate were within 2 percent of the average pumping rate of 2,020 rpm.

The pumping period was followed by a 24-hour recovery period. Results of the

aquifer test are shown in Figures s and 4.

Pre-pumping depth to groundwater level was about 785 feet bis. Initial

groundwater level drawdown was very rapid due to removal of water from wellbore

storage. Subsequently, depth to groundwater level changed very slowly. Maximum

drawdown after 24 hours of pumping was about 112 feet. Specific capacity was

18 rpm/ft after 24 hours of pumping.

Transmissivity calculated using the aquifer test data ranged from

200,000 god/ft for the pumping period to 700,000 god/ft for the recovery period. The

transmissivity calculated for the recovery period is not affected by well efficiency or

borehole "skin effects" due to non-laminar flow near the wellbore and, therefore, is

considered to be more representative for the principal aquifer at the GV-1 location.

However, to provide conservative modeling results for impact of pumping at the

Property, the transmissivity calculated for the pumping period was used for

estimating an average transmissivity for the basin.
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WELL
IDENTIFIER

WELL
NAME

TEST
DATE

TRANSMISSIVITY
{gpdm)

AVERAGE
HYDRAULIC

CONDUCTIVITY

(9od/f1*)

REFERENCE

B(20-18)4 bob MP-5
Pre-
1971

46,000 70 GilI8pie and Bentley (1 Q71)

B(21 .18)32 doc MP-1
Pre
1971 s5,000 70 Gillespie and Bentley (1971 )

(B-21-18) 34dba GV-1 2005 200,000 435 Montgomery & Associates

(8-19-18) 10¢ua #1 1999 76,000 115 Mania, Inc. (1999)

(B-21 -19) 13ddd GVClD~1 #1 1991 17,000 42 Mar era, Inc.(1991 )

(B-21-19)25aaa GVCID-1 #2 1991 37,000 106 Mar era. Inc. (1991 )
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Parameters Used for Model

Available data for aquifer hydraulic parameters reported for pumping tests

conducted for the principal aquifer in the north part of Sacramento Valley are

summarized as follows:

Based on these data, the geometric mean hydraulic conductivity is about

100 gpdlftz. Based on data obtained for well GV-1 and on geophysical data for the

Property area. average saturated thickness of the aquifer at the Property area is

estimated to be more than 750 feet. To provide a conservatively small estimate of

saturated aquifer thickness for modeling purposes, a value of 550 feet was used.

Based on this information, an average aquifer transmissivity of 55,000 god/ft was

used to simulate impacts of pumping for the model.

Gillespie and Bentley (1971) estimated that specWc yield of the principal

aquifer in Sacramento Valley ranges from 0.05 to 0.10. Results of drilling for well

GV-1 suggest that unconfined aquifer conditions occur in the Property area.
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Theref ore,  a  spec i f i c  y i e ld  of  0 .07 was used to simulate impacts of proposed

pumping at the Property for the model

OCCURRENCE AND MOVEMENT OF GROUNDWATER

Groundwater in the older alluvium unit in the north part of Sacramento Valley

generally moves from north to south, as shown on Figure 1, in the same direction as

ephemeral surface water flow in Sacramento Wash (Rescore, 1991). ANitude of

groundwater level in spring 1990 ranged from 1,800 feet mal north of State Highway

68 to 1,500 feet mal at Yucca (Rescore, 1991 ). Average hydraulic gradient of

groundwater movement across the Property at that time was about 0.002, or 10.4

feet per mile. Altitude of groundwater level measured in the older alluvium unit was

about 1,794 feet mal in June 2005 at well GV-1 [(B-21-18)34dba], located

immediately north of the Property (Table 1).

The volume of groundwater in storage in the pr incipal Sacramento Valley

aqui f er  system f ar exceeds the annual volume of recharge and di scharge of

groundwater in the basin. Estimates for groundwater in storage and for recharge to

the aquifer have been reported by several authors and range widely. These topics

are not addressed herein because i t  i s  assum ed  t ha t  no recharge occurs f or

project ions of drawdown impact from proposed pum ping at  the Rhodes Homes

Property. This assumption is commonly made for water adequacy studies to provide

conservatively large projections of impact.
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DEPTH TO GROUNDWATER LEVEL

In  November 1995, depth to groundwater in  the principal aquifer in

Sacramento Valley ranged from about 300 feet bis at Yucca [(B-17-18)12bca] in the

south part of the basin to about 1,235 feet bis near Santa Claus [(B-23-18)33cbc2] in

the north part of the basin (Table 1)

-

ml!

Oni

Depth to groundwater in the principal aquifer in June 2005 at well GV-1 [(B

21 -18)34dba], located immediately north of the Property, was 765 feet bis (Table 1)

Depth to groundwater in August 2004 at well (B-20-18)22aac, located immediately

south of the Property, was about 744 feet bis. The current average depth to

groundwater at the Property is estimated to be about 755 feet bis. Therefore, it is

assumed that the available groundwater level drawdown above the 1,200-foot

ADWR water adequacy criterion is 445 feet.

EXISTING WELLS AND CURRENT GROUNDWATER PUMPING

Records for 440 wells within the study area were compiled from the ADWR

55" well registry, "35" well registry, and Groundwater Site Inventory databases, and

are summarized in Table 1. Wells within the study area are shown on Figure 1

Reported pumping rates for wells in the Property area range from a few rpm

to more than 2,000 rpm (Table 1). Historic pumping from wells in the study area is

poorly documented, except for the Griffith Energy power plant wells, public water

supply wells for Valley Pioneer's Water Company and Golden Valley County

Improvement District No. 1 (GVCID), and anecdotal information for past use of the
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Mineral  Park wel ls. Records are poor for pumping for other domest ic,  industr ial

irrigation, stock, and other small capacity uses

CHANGE IN GROUNDWATER LEVELS

A hydrograph of groundwater level altitude for selected wells across the north

part of Sacramento Valley is shown on Figure 2. Groundwater levels during the last

40 years have not changed substantially for wells near or at the Property. Prior to

1990, groundwater pumped from the DuvaVCypress production wells to supply the

Mineral Park Mine operations comprised the majority of groundwater withdrawals

from the basin. After 1990, these wells were transferred to Valley Pioneer's Water

Company and are presently used at a fraction of the rate used for the mine

Three wells shown on Figure 2 that are pertinent for evaluating rate of

groundwater level change at the Property are

1. well (B-20-18)22aac, located immediately south of the Property

(Figure 1)

2. Mineral Park well No. 5 [(B-20-18)4bbb], located in the north part of

the Property, and

3. Mineral Park Well No. 2 [(B-21-18)30abb], located about 3 miles

northwest of the Property

From 1965 to 1990, average rate of groundwater level decline was 0.29 feet per

year (ft/yr) at well (B-20-18)22aac, 0.51 ftlyr at well (B-20-18)4bbb, and 1.15 ftlyr at

well (B-21-18)30abb. From 1990 to 1995, average rate of groundwater level rise
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was 0.06 feet per year (ft/yr) at well (B-20-18)22aac, 0.20 ft/yr at well (B-20-18)4bbb

and 3.16 ft/yr at well (B-21-18)30abb

Based on the current groundwater withdrawals at the large production wells in

the area versus past withdrawals, it was considered appropriate to add a simulated

regional decline of 1 ft/yr to the projected drawdown impact for the model to

represent future pumping from active wells in the area. This 1 ft/yr regional decline

is designed to simulate both the ongoing current demand of the area and increased

future stumpage for Pionee/s Valley Water Company for additional committed

demand they will likely serve in the future. Many of the preplatted lots in Golden

Valley lie within the service area for Valley Pioneers Water Company or GVCID

COMMYITED DEMAND

According to the Golden Valley Area Plan (Mohave County, 2002), there are

several areas of Golden Valley South that have prel see platted subdivisions. The

purpose and intent of the GVCID is to provide future water and road improvements

to those subdivisions through their current designation of water adequacy. It is

reasonable to assume that the current and committed demand within the area of

Golden Valley 5800 parcel, owned by Rhodes Homes, is sufficiently simulated by a

1 ft/yr ongoing regional decline rate over 100 years
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GROUNDWATER QUALITY

Data obtained from the Arizona Department of Environmental Quality (ADEQ)

1999 baseline study of ambient groundwater quality in the Sacramento Valley basin

(ADEQ. 2001) are summarized in Appendix c. Results indicate that groundwater

quality in the central parts of  the basin generally meets U.S. Environmental

Protection Agency (EPA) primary maximum contaminant levels (MCLs) for drinking

water (EPA, 2002). Groundwater samples from selected wells at the margins of the

basin have been found to contain elevated concentrations of nitrate, gross alpha,

fluoride, andlor total dissolved solids.

Results of laboratory chemical analysis and measurements of field water

quality parameters for depth-specific samples and a composite well head sample

obtained from Rhodes Homes well GV-1 [B(21-18)34dba] are summarized in

Table 2. Results indicate that, although elevated concentrations of arsenic were

detected in the groundwater sample obtained in the depth interval from 1,160 to

1,180 feet bis during pilot borehole testing, chemical quality of the composite well

head sample obtained from the completed well at the end of the 24-hour pumping

test is excellent and meets all requirements for a new source of public water supply

as defined by ADEQ.

A search of Internet on-line data files for locations of WQARF and Superfund

sites designated by ADEQ did not indicate the presence of contaminant sites in the

study area.
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COLORADO RIVER ACCOUNTING SURFACE

Wilson and Owen-Joyce (1994, p. v) define the "accounting surface" that is

administered by the U.S. Bureau of Reclamation for the Colorado River corridor as

follows

and the reservoirs of the Colorado River that would exist if the

'The accounting surface represents the elevation and slope of the
unconfined static water table in the river aquifer outside the flood plain

over
were the only source of water to the river aquifer. The accounting
surface was generated by using profiles of the
water-surface elevations of reservoirs, lakes, marshes, and
ditches

Colorado River and
drainage

Further. Wilson and Owen-Joyce (1994, p. 6) establishes the following criten'a to

determine if wells impact the Colorado River subflow:

Wells that impact the river subflow' "Wells that have a static water
level elevation equal to or below the accounting surface are presumed
to yield water that will be replaced by water from the river -.

Wells that do not impact the river subflow: 'Wells that have a static
water-level elevation above the accounting surface are presumed to
yield water that will be replaced by water from precipitation and inflow
from tributary valleys

There are several factors that ensure production wells for the proposed

Rhodes Homes development will not impact the river subflow by these criteria. The

Property lies outside the accounting surface for Sacramento Valley. In addition

altitude of the groundwater table in the older alluvium unit measured in wells

(Table 1) at or near the Property are more than 1,200 feet above the accounting

surface. as demonstrated below
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CADASTRAL
LOCATION

WELL
NAME

WELL
DEPTH
(feet,
bis)

LAND
SURFACE
ALTITUDE
(feet, mal)

GROUNDWATER LEVEL ACCOUNT
-EnG

SURFACE
ALTITUDE
(feet, mal)

FEET
ABOVE

ACCOUNT
-IN

SURFACE
DATE

MEASURED

DEPTH
(feet,
bis)

ALTITUDE
(feet, mal)

(B»20-1 a)
22aac

779 2,495 8/18/2004 743.9 1,751 455 1 ,296

(B-20-18)
4bbb MP-5 1 ,350 2,524 11/Q/1995 748.6 1 ,775 455 1 ,s20

(B-21-18)
34dba GV-1 1 ,ago 2,559 6/10/2005 764.71 1,794 455 1 ,339

v
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Lastly, in order to obtain a statement of adequate water supply from ADWR, a

development can not draw down the water level in the aquifer below a depth of

1,200 feet without a variance. The accounting surface is more than 2,000 feet below

land surface at the Property. Therefore, wells used to withdraw groundwater under

an ADWR statement of adequate water supply for the proposed development are

not wells that would impact the Colorado River, according to criteria established by

Wilsonand Owen-Joyce (1994).
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PROJECTED 100-yEAR WATER DEMAND

an

nu

11-

-nu

v!

Projected water demands were estimated for the proposed development

based on the projected number of residential units and acreages for other land uses

identified by Rhodes Homes. Types of residential lots include only single family

residential water demands include interior and exterior uses. Other water demands

include: interior and exterior demands for commercial property and schools, and

landscaping demands for right-of-ways, easements, and parks. In addition, water

demands for construction water and for lost and unaccounted for water were

included. The projected total water demand following build out is estimated to be

about 14,714 acrefeet per year (AF/yr). Details for the basis of the estimated water

demand are included in Attachment 1 of the Application for Analysis of Adequate

Water supply-
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PROJECTED 100-YEAR IMPACTS FROM GROUNDWATER PUMPING

Projections of 100-year drawdown resulting from estimated groundwater

pumping for water supply at the Property were made using the computer software

"THWELLS" (van Der Heijde, 1996). This software solves the Theis equation to

compute drawdown for up to 100 wells and uses spatially uniform values for aquifer

parameters. A correction to the Theis equation was applied for simulation of

unconfined aquifer conditions. Data used in the THWELLS model are discussed

below and are summarized in tabular form in Appendix D. Table D-1 gives the 'x'

and 'y' model coordinates for pumping wells and image wells, and the pumping rate

simulated at each well location. Locations for wells included in the simulation are

shown on Figure 5, the well locations represent sites for pumping wells in the target

aquifer system and sites for image wells representing the effects of assumed

hydrologic barrier boundaries.

Based on data obtained for well GV-1 and on geophysical data for the

Property area, average saturated thickness of the aquifer at the Property area is

estimated to be more than 750 feet. To provide a conservatively small estimate of

saturated aquifer thickness for modeling purposes, a value of 550 feet was used.

Model transmissivity was assigned a value of 55,000 god/lt to represent an

average value for the study area for the 100-year projection. The 55,000 god/ft

value is the product of the conservatively small average saturated aquifer thickness

assigned for the Property and the geometric mean of hydraulic conductivities

calculated from pumping test data for the Property area (100 gpd/ft2).

Based on depth to bedrock contours, groundwater level contours, regional

gravity survey data, and records for wells in the basin, two hydrologic barrier

GoldenvalIeyAdeqRept.texLJuly2005.doc
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boundaries were simulated to represent the basin bounding faul ts along the east

and west  m arg i ns o f  t he  basi n floor (Figures 1 and  5 ) . In addi t ion, although

av a i l ab l e  da ta  do  no t  suppor t  t he existence of  a  hydro log i c  bar r i er boundary

between the Sacramento and Detrital Val leys,  such a boundary was added to the

model  to address concerns voiced by ADWR staf f  at a prel iminary project meeting

held on June 7, 2005

The current average depth to groundwater at the Property is estimated to be

about 755 feet bis. Therefore, it is assumed that the available groundwater level

drawdown above the 1,200-foot ADWR water adequacy criterion is 445 feet

Based on the current groundwater withdrawals at the large production wells in

the area versus past withdrawals and change in groundwater levels over the last 40

years, it was considered appropriate to add a simulated regional decline of 1 fl/yr to

the projected drawdown impact for the model to represent future pumping from

active wells in the area

CONCEPTUAL MODEL

The hydrologic features and pumping regimens for the conceptual

groundwater model are summarized as follows

Barrier boundaries were assumed to be located east, west, and north
f rom the Property, representing barriers to groundwater How along the
Black Mountains on the west,  the Cerbat and Hualapai  Mountains on
the east ,  and a bedrock high hypothesized by ADWR at the surface
water divide between the Sacramento and Detrital Valleys. These
boundaries def ine an elongated tr iangle encompassing the Property

GddenvalleyAdeqRept.text.July2005.doc
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area. Locations for the barrier boundaries are shown on
and 5

Figures 1

Image wells were simulated on the opposite side of each barrier
boundary

Saturated thickness of the aquifer was assumed to be 550 feet

Aquifer parameters Transmissivity (T) = 55,000 god/ft
Specific Yield (So) = 0.07

• 10 pumping wells were simulated on the Property, each well was
assigned a continuous pumping rate of 930 rpm for a total demand of
15,000 AF/yr (Figure 5; Table 0-1 In Appendix D)

30 image wells were simulated in the model, and were each assigned
a pumping rate of 930 rpm to represent production pumping effects
(Figure 5; Table D-1 in Appendix D).

• Total simulation time = 100 years

• A total of 100 feet of additional drawdown was added to model results
to simulate a regional decline of 1 ftlyr.

GoldenVaIleyAdeqRept.texLJuly2005.doc
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PROJECTION OF 100-YEAR GROUNDWATER LEVEL DRAWDOWN

Results of model projections for a 100-year pumping period and a total

pumping rate of 15,000 AF/yr are summarized as follows

Simulations were conducted to project groundwater level drawdown for
100 years of pumping. Three barrier boundaries were simulated
Recharge was not included in the model projection

Simulat ions were conducted for a 100-year period.
were based on projected future pumping rates

Pumping rates

Table D-1 and Figure 5 show the simulated drawdown caused solely
by the proposed pumping at the property, the regional groundwater
level decline of 1 ftlyr (100 feet over 100 years of pumping) must be
added to the drawdown shown. Maximum simulated groundwater level
drawdown from all sources of pumping, including the regional
groundwater level decline, is about 399 feet at Pumping Well 5
(Table D-1), which is the sum of the simulated drawdown due to
pumping at the property (299 feet) plus 100 feet of regional
groundwater level decline. Therefore, the resulting maximum depth to
water after 100 years at Pumping Well 5 is projected to be about 1,154
feet bis, which is the average current depth to groundwater at the
Property of 755 feet bis plus the simulated drawdown of 399 feet

A hydrograph of projected groundwater level drawdown for the 100
year pumping period at the point of maximum drawdown in the well
field is shown on Figure 6. This hydrograph does not account for
regional groundwater Ievei decline

Projected 100-year impacts of  pumping for water supply for the
proposed development indicate that less than 800 feet of additional
drawdown will be required to meet the needs of the development, and
sufficient groundwater is available to serve the development and meet
all ADWR requirements

GoldenValleyAdeq Rept.texLJul)Q005.doc
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Bedrock Boundary (ADWR Hydrologic Map Series, Report Na. 21, 1991)

Boundary of Groundwater Basin (ADWR Hydrologic Map Series.
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ERROL L. MONTGOMERY ac ASSOCIATES, INC
CONSULTANTS IN HYDROGEOLOGY

ERROL L. MONTGOMERY, P.G
WILLIAM R. VICTOR. P.G
RONALD H. DEWITT, P.G

MARK m. CROSS, P.G
DENNIS G. HALL. P.G

TODD KEAY. P.G
JAMES s. DAvis. P.G

MICHAEL J. ROSKO. P.G
CHARLES F. BARTER (1937-1999)

DANSEL s. WEBER, P.G

LESUE T. KATZ. P.G

7949 EAST ACOMA DRNE, SUITE 100

SCOTTSDALE, ARiZONA 85260 (480) 948-7747

FAX: (480) 948-8737

ww w.elmontgomery.com

£-mA1L- info@elmontgomery.com

July 15, 2005

W E *"`m.

JUL 1 8 2005

Mr. Doug Dunham
ARIZONA DEPARTMENT OF WATER RESOURCES
Office of Assured Water Supply
500 n. STU Street
Phoenix. Arizona 85004

_.I
;Q.l,¢eRH.u Wt

Dear Mr. Dunham

Enclosed please find the materials that Errol L. Montgomery8= Associates, Inc., has
prepared on behalf of American Land Management, LLC, in support of an Analysis of Water
Adequacy for the Golden Valley South Master Planned Community in Mohave County, Arizona
The materials include copies of the following documents that we are submitting for your review
and approval.

1) Application for Arizona Department of Water Resources (ADWR) Analysis of Water
Adequacy

2) Hydrologic Study in Support of the Analysis of Water Adequacy

3) Copies of demand calculations for a lower density and maximum density development
utilizing data from ADWRand Mohave County

4) Copies of the preliminary Planned Unit Development

5) A notice of intent to serve as yet incomplete since water company negotiations are
underway with various potential providers

6) Ownership documents verifying ownership of all parcels listed in item 3 as belonging to
American Land Management, LLC

Although we are aware that not having the water company information finalized can
result in delays to a formal application, we do wish to proceed immediately with the Analysis of
Water Adequacy

If you have any questions or require clarification of any documents in the application
please do not hesitate to contact Greg Wallace or me

Sincerely

ERROL L. MONTGOMERY & ASSOCIATES. INC

,%W/4/
William R. Victor. P.G

Enclosures (2 copies)

TUCSON 9 PHOENIX I FLAGSTAFF I SANTIAGO dG CHILE
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ATTACHMENT V

Griffith Power P lant, Actua l ve rsus  Projected Cumula tive  Wate r
Use , 2001 - 2006
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ATTACHMENT VI

Figure  2 - NAEP  Impa ct Ana lys is
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*********************** THWELLS version 4 _01 *********************** PAGE 1

CALCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC, CONFINED, LEAKY
CONFINED OR UNCONFINED AQUIFER WITH MULTIPLE PRODUCTION AND INJECTION
WELLS AND UNIFORM REGIONAL FLOW

NAEP  Impa c t Ana lys is

******************************+*** INPUT DATA **********************************

UNCONFINED AQUIFER - THEIS EQUATION WITH JACOB' S CORRECTION

WATER TABLE CORRECTION APPLIED

AQUIFER THICKNESS
TRANSMISSIVITY

770 [f t]
33750 [god/f t]

STORAGE COEFFICIENT . 07

REGIONAL FLOW GRADIENT
(positive--downwards--in flow direction) 0

REGIONAL FLOw DIRECTION
(horizontal angle in degrees

counter-clockwise from positive x-axis) 0

REGIONAL FLOW OFFSET AT ORIGIN
(positive in downwards direction) 0 {f t]

WATER TABLE CORRECTION APPLIED

AQUIFER THICKNESS 770 [f t]

I IHHH H I in IH \I\lllIu1llI I ullllllll ll l



*********************************************************** THWELLS - PAGE 2

WELL NO. l

WELL NO. 2

WELL NO. 3

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

X-COQRDINATE
Y-CGORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

PUMPING/INJECTION WELL DATA

708931 [ft]
1.274927E+07 [ft]
239040 [god]
14600 [day]

690352 [f t]
1.274154E+07 [ft]
239040 I9pd]
14600 [day]

650185 [f t]
1.272723E+07 [ft]
239040 [god]
14600 [day]



********************************* RESULTS ******************* THWELLS - PAGE 3

Y [ft]

Drawdown in [ft]

<- X [ft] ->

636109 637209 638309 639409 640509 641609
%12686lB3.00
%12687283.00
%1268B383.00
%12689483.00
%126905B3.00
%12691683.00
%l2692783.00
%12693883.00
%12694983.00
%l26960B3.00
%l2697lB3.00
%12698283.00
%l2699383.00
%12700483.00
%12701583.00
%l27026B3.00
%12703783.00
%l2704883.00
%12705983.00
%l2707083.00
%12708lB3.00
%127092B3.00
%l2710383.00
%12711483.00
%l2712583.00
%127136B3.00
%12714783.00
%12715883.00
%12716983.00
%1271B083.00
%12719183.00
%12720283.00
%12721383.00
%12722483.00
%12723583.00
%127246B3.00
%12725783.00
%12726BB3.00
%12727983.00

0.379
0.399
0.420
0.441
0.464
0.487
0.512
0.537
0.564
0.591
0.620
0.650
0.681
0.713
0.746
0.781
0.817
0.854
0.892
0.931
0.971
1.013
1.055
1.099
1.142
1.187
1.231
1.276
1.319
1.362
1.403
1.441
1.477
1.508
1.535
1.557
1.572
1.581
1.583

0.388
0.408
0.429
0.452
0.475
0.499
0.524
0.551
0.578
0.607
0.637
0.668
0.700
0.734
0.769
0.805
0.842
0.881
0.921
0.963
1.006
1.050
1.096
1.142
1.190
1.238
1.286
1.335
1.384
1.431
1.477
1.521
1.561
1.598
1.629
1.653
1.671
1.681
1.684

0.396
0.417
0.439
0.462
0.486
0.511
0.537
0.564
0.593
0.622
0.653
0.685
0.719
0.754
0.790
0.828
0.867
0.908
0.951
0.995
1.040
1.087
1.136
1.186
1.237
1.289
1.342
1.396
1.450
1.503
1.555
1.605
1.651
1.693
1.729
1.758
1.779
1.791
1.793

0.404
0.426
0.448
0.472
0.496
0.522
0.549
0.577
0.607
0.637
0.669
0.703
0.737
0.774
0.811
0.851
0,892
0.935
0.979
1.026
1.074
1.124
1.175
1.229
1.284
1.341
1.399
1,458
1.518
1.578
1.636
1.693
1.747
1.796
1.838
1.873
1.897
1.911
1.913

0.412
0.434
0.457
0.481
0.507
0.533
0.561
0.590
0.620
0.652
0.685
0.719
0.755
0.793
0.832
0.873
0.916
0.961
1.007
1.056
1.107
1.160
1.215
1.272
1.331
1.392
1.456
1.521
1.5B7
1.654
1.721
1,786
1.849
1.906
1,957
1.998
2.028
2.044
2.046

0.420
0.442
0.466
0.491
0.517
0.544
0.572
0.602
0.633
0.665
0.699
0.735
0.772
0.811
0.852
0.894
0.939
0.985
1.034
1,085
1.138
1.194
1.253
1.313
1.377
1.443
1.512
1.583
1,657
1.732
1,807
l.B83
1.956
2.025
2.086
2.137
2.174
2.193
2.195



*********************** THWELLS

Y [ft]

version 4 . 01 ***********************

<- X [f t] - >

PAGE 4

636109 637209 638309 639409 640509 641609
%12729083.00
%12730183.00
%12731283.00
%12732383.00
%12733483.00
%12734583.00
%12735683.00
%12736783.00
%12737883.00
%12738983.00
%12740083.00
%12741183.00
%12742283.00
%12743383.00
%12744483.00
%12745583.00
%12746683.00
%12747783.00
%12748883.00
%12749983.00
%l2751083.00
%l27521B3.00
%127532B3.00
%127543B3.00
%l27554B3.00
12756583.00
%127576B3.00
%l2758783.00
%12759B83.00
%12760983.00
%12762083.00
%12763183.00
%127642B3.00
%127653B3.00
%12766483.00
%12767583.00
%12768683.00
12769783.00
%12770883.00
%127719B3.00



*********************** THWELLS _ version 4.01 ***********************

%l2773083 . 00
%12774183 . 00
%12775283 .00

Y [ft]

Y [ft]

636109
0 .417
0.399
0.382

637209
0 .430
0.412
0.394

<- x tftn ->

<- X [ft] - >

63B309
0 .444
0 . 425
0 \ 407

639409
0.458
0.438
0.419

640509
0.472
0.452
0 .432

641609
0.486
0.465
0.445

PAGE 5

642709 643809 644909 646009 647109 648209
%12686183.00
%12687283.00
%12688383.00
%12689483.00
%12690583.00
%12691683.00
%12692783.00
%12693883.00
%l26949B3.00
%12696083.00
%12697lB3.00
%126982B3.00
%12699383.00
%l2700483.00
%l2701583.00
%12702683.00
%l2703783.00
%12704BB3.00
%l27059B3.00
%l2707083.00
%12708183.00
%12709283.00
%l27103B3.00
%12711483.00
%l2712583.00
%l2713683.00
%127147B3.00
%12715883.00
%12716983.00
%127180B3.00
%12719183.00
%12720283.00
%12721383.00
%12722483.00
%12723583.00
%12724683.00
%12725783.00

0.427
0.450
0.474
0.500
0.526
0.554
0.583
0.613
0.645
0.679
0.713
0.750
0.7B8
0.829
0.871
0.915
0.961
1.009
1.060
1.113
1.169
1.227
1.289
1.354
1.421
1.492
1.567
1.645
1.726
1.B10
1.896
1.983
2.069
2.152
2.227
2.291
2.337

0.434
0.457
0.482
0.508
0.535
0.563
0.593
0.624
0.657
0.691
0.727
0.764
0.804
0.845
0.888
0.934
0.981
1.031
l.0B4
1.139
1.198
1.259
1.324
1.392
1.464
1.540
1.620
1.704
1.793
1.887
1.984
2.085
2.187
2.287
2.382
2.464
2.524

0.440
0.464
0.490
0.516
0.543
0.572
0.603
0.635
0.668
0.703
0.740
0.778
0.818
0.861
0.905
0.952
1.001
1.052
1.107
1.164
1.224
1.288
1.356
1.427
1.503
1.584
1.669
1.760
1.857
1.961
2.070
2.186
2.307
2.430
2.550
2.658
2.742

0.447
0.471
0.497
0.523
0.551
0.581
0.612
0.644
0.678
0.714
0.751
0.791
0.832
0.875
0.920
0.968
1.019
1.072
1.128
1.187
1.249
1.315
1.385
1.460
1.539
1.624
1.714
1.812
1.917
2.030
2.152
2.284
2.426
2.576
2.731
2.879
3.000

0.452
0.477
0.503
0.530
0.559
0.589
0.620
0.653
0.688
0.724
0.762
0.802
0.844
0.888
0.935
0.983
1.035
1.089
1.146
1.207
1.271
1.339
1.411
1.488
1.571
1.659
1.754
1.857
1.969
2.091
2.225
2.373
2.537
2.719
2.918
3.126
3.315

0.458
0.483
0.509
0.537
0.566
0.596
0.628
0.661
0.697
0.733
0.772
0.813
0.855
0.900
0.947
0.997
1.049
1.105
1.163
1.225
1.290
1.360
1.434
1.513
1.598
1.689
1,788
1.895
2.012
2.141
2.285
2.447
2.631
2.845
3.095
3.388
3,706



*********************** THWELLS - version 4.01 *********************** PAGE 6

Y [ft] <- X [ft] ->

642709 643809 644909 646009 647109 648209
%127268B3.00
%12727983.00
%127290B3.00
%12730183.00
%12731283.00
%12732383.00
%12733483.00
%12734583.00
%l27356B3.00
%l2736783.00
%l2737883.00
%12738983.00
%12740083.00
%12741183.00
%12742283.00
%12743383.00
%12744483.00
%l2745583.00
%127466B3.00
%12747783.00
%12748883.00
%l27499B3.00
%lZ7510B3.00
%12752183.00
%12753283.00
%l2754383.00
%12755483.00
%l2756583.00
%127576B3.00
%l2758783.00
%127598B3.00
%12760983.00
%12762083.00
%12763183.00
%127642B3.00
%12765383.00
%12766483.00
%12767583.00
%12768683.00
%l2769783.00

2.362
2.363
2.340
2.298
2.239
2.171
2.096
2.019
1.942
1.866
1.792
1.721
1.652
1.587
1.524
1.465
1.408
1.353
1.301
1.251
1.204
1.159
1.114
1.072
1.032
0.992
0.955
0.919
0.884
0.850
0.817
0.786
0.755
0.726
0.697
0.670
0.643
0.617
0.592
0.568

2.557
2.556
2.524
2.466
2.390
2.303
2.212
2.121
2.032
1.945
1.863
1.785
1.711
1.640
1.574
1.511
1.451
1.394
1.340
1.288
1.238
1.191
1.146
1.102
1.061
1.020
0.982
0.944
0.909
0.874
0.840
0.808
0.777
0.746
0.717
0.689
0.661
0.635
0.609
0.584

2.786
2.784
2.735
2.653
2.551
2.441
2.330
2.222
2.119
2.022
1.931
1.846
1.767
1.692
1.621
1.555
1.492
1.433
1.377
1.323
1.272
1.223
1.177
1.132
1.089
1.048
1.008
0.970
0.933
0.898
0.863
0.830
0.798
0.767
0.737
0.708
0.680
0.653
0.627
0.601

3.067
3.059
2.983
2.861
2.722
2.581
2.445
2.319
2.202
2.095
1.995
1.904
1.819
1.740
1.666
1.597
1.532
1.471
1.412
1.357
1.305
1.255
1.207
1.161
1.117
1.075
1.035
0.996
0.958
0.922
0.886
0.B52
0.820
0.788
0.757
0.727
0.699
0.671
0.644
0.618

3.429
3.410
3.275
3.088
2.895
2.715
2.552
2.407
2.277
2.160
2.053
1.956
1.867
1.784
1.708
1.636
1.569
1.506
1.447
1.390
1.337
1.285
1.237
1.190
1.145
1.102
1.061
1.021
0.9B2
0.945
0.909
0.875
0.B41
0.809
0.777
0.747
0.718
0.689
0,662
0.635

3.940
3.888
3.615
3.316
3.053
2.832
2.644
2.482
2.341
2.216
2.103
2.002
1.909
1.824
1.746
1.672
1.604
1.540
1.479
1.422
1.367
1.315
1.265
1.218
1.172
1.129
1.087
1.046
1.007
0.969
0.933
0,897
0.863
0.830
0.798
0.767
0.737
0.708
0.679
0.652



*********************** THWELLS - version 4.01 ***********************

%127708B3 . 00
%127719B3 . 00
%127730B3 » 00
%12774183.00
%127752B3 n 00

Y [ft]

Y [f t]

642709
0 .545
0 .522
0 . 500
0 . 479
0 . 459

643B09
0.560
0.537
0.515
0 . 493
0.472

<- x [ft] ->

<- X [ft] ->

644909
0.576
0 .553
0.530
0 .507
0.486

646009
0 .593
0.568
0 .545
0.522
0.499

647109
0. 609
0.584
0.560
0.536
0.513

653709 654809

648209
0. 625
0. 600
0 .575
0.551
0 .528

PAGE 7

649309 650409 651509 652609 0.47B
0.505
0.532
0.561
0.592
0.623
0.657
0.692
0.728
0.767
0.807
0.849
0.B94
0.940
0.989
1.041
1.095
1.152
1.212
1.275
1.342
1.413
1.488
1.568
1.654
1.745
l.B42
1.947
2.060
2.183
2.317
2.463
2.622
2.795
2.979

0.4Bl
0.508
0.535
0.565
0.595
0.627
0.660
0.695
0.732
0.771
0.811
0.853
0.898
0.944
0.993
1.045
1.099
1.155
1.215
1_278
1.344
1.414
1.488
1.567
1,650
1.738
1.832
1.933
2.040
2.155
2.278
2.409
2.547
2.692
2.837

%12686183.00
%126B72B3.00
%12688383.00
%12689483.00
%126905B3.00
%12691683.00
%l26927B3.00
%l2693883.00
%126949B3.00
%l2696083.00
%l2697lB3.00
%126982B3.00
%12699383.00
%12700483.00
%12701583.00
%12702683.00
%l2703783.00
%12704BB3.00
%12705983.00
%12707083.00
%12708183.00
%12709283.00
%127103B3.00
%12711483.00
%127125B3.00
%12713683.00
%12714783.00
%12715BB3.00
%12716983.00
%127180B3.00
%127191B3.00
%12720283.00
%12721383.00
%127224B3.00
%12723583.00

0.463
0.488
0.515
0.543
0.572
0.603
0.635
0.669
0.705
0.742
0.781
0.822
0.865
0.911
0.959
1.009
1.062
1.118
1.177
1.240
1.307
1.377
1.453
1.533
1.620
1.713
1.814
1.924
2.045
2.178
2.329
2.500
2.698
2.935
3.229

0.467
0.493
0.520
0.548
0.578
0.609
0.642
0.676
0.712
0.749
0.789
0.831
0.874
0.920
0.968
1.019
1.073
1.130
1.189
1.253
1.320
1.391
1.467
1.549
1.636
1.730
1.832
1.943
2.065
2.201
2.353
2.527
2.730
2.973
3.279

0.471
0.497
0.525
0.553
0.583
0.614
0.647
0.682
0.718
0.756
0.796
0.838
0.882
0.928
0.977
1.028
1.082
1.139
1.199
1.263
1.330
1.402
1.478
1.560
1.647
1.741
1.843
1.953
2.075
2.209
2.358
2.528
2.723
2.954
3.234

0.475
0.501
0.529
0.557
0.588
0.619
0.652
0.687
0.724
0.762
0.802
0_844
0.888
0.935
0.984
1.035
1.089
1.146
1.207
1.270
1.338
1.409
1.485
1.566
1.653
1.746
1.846
1.954
2.072
2.202
2.345
2.505
2.684
2.888
3.120
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Y [ft] <- X [ft]
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649309 650409 651509 652609 653709 654809

%127246B3.00
%12725783.00
%l2726883.00
%12727983.00
%l2729083.00
%12730183.00
%12731283.00
%l2732383.00
%127334B3.00
%12734583.00
%l2735683.00
%l27367B3.00
%12737B83.00
%l27389B3.00
%127400B3.00
%1274ll83.00
%127422B3.00
%l2743383.00
%127444B3.00
%12745583.00
%12746683.00
%l27477B3.00
%12748B83.00
%l27499B3.00
%l2751083.00
%l2752183.00
%l27532B3.00
%12754383.00
%127554B3.00
%12756583.00
%127576B3.00
%l2758783.00
%127598B3.00
%12760983.00
%127620B3.00
%12763183.00
%127642B3.00
%127653B3.00
%12766483.0D
%12767583.00

3.611
4.146
4.818
4.597
3.954
3.501
3.172
2.917
2.711
2.538
2.390
2.260
2.144
2.040
1.946
1.859
1.779
1.705
1.636
1.571
1.510
1.451
1.396
1.344
1.293
1.245
1.199
1.155
1.112
1.071
1.031
0.993
0.956
0.920
0.885
0.851
0.818
0.787
0.756
0.726

3.692
4.331
5.773
5.059
4.085
3.570
3.221
2.958
2.747
2.572
2.422
2.291
2.175
2.071
1.976
1.889
1.809
1.735
1.665
1.600
1.538
1.480
1.424
1.371
1.321
1.272
1.226
1.181
1.138
1.096
1.056
1.017
0.979
0.942
0.907
0.872
0.839
0.807
0.775
0.745

3.584
4.024
4.442
4.331
3.884
3.495
3.192
2.950
2.751
2.583
2.437
2.310
2.196
2.093
2.000
1.914
1.835
1.761
1.692
1.626
1.565
1.507
1.451
1.398
1.347
1.299
1.252
1.206
1.163
1.121
1.080
1.040
1.002
0.965
0.929
0.894
0.860
0.827
0.795
0.764

3.379
3.637
3_809
3.778
3.580
3.335
3.105
2.902
2.726
2.572
2.437
2.316
2.207
2.108
2.017
1.934
1.856
1.783
1.715
1.651
1.590
1.532
1.477
1.424
1.373
1.324
1.277
1.232
1.188
1.145
1.104
1.064
1.025
0.988
0.951
0.916
0.881
0.848
0.815
0.783

3.164
3.325
3.418
3.409
3.307
3.155
2.989
2.829
2.680
2.545
2.423
2.311
2.210
2.116
2.029
1.949
1.874
1.803
1.737
1.674
1.614
1.557
1.502
1.449
1.399
1.350
1.303
1.257
1.213
1.170
1.129
1,088
1.049

0.974
0.938
0.902
0.868
0.835
0.803

2.972
3.081
3.142
3.142
3.084
2.986
2.868
2.744
2.623
2.507
2.399
2.299
2.206
2.118
2.037
1.961
1.889
1.821
1.756
1.695
1.636
1.580
1.526
1.474
1.424
1.375
1.328
1.283
1.238
1.195
1.153
1.112
1.073
1.034
0.996
0.960
0.924
0.889
0.856
0.823
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%12768683.00
%12769783.00
%12770BB3.00
%12771983.00
%127730B3.00
%12774183.00
%12775283.00

Y [ft]

Y [ft]

649309 650409 651509 652609 653709 654809
0 . 697
0. 669
0. 642
0. 616
0 .590
0.566
0.542

0.715
0. 687
0 . 659
0. 632
0. 606
0.581
0.557

< x [f t] >

< x[ftl >

0.734
0.705
0.676
0.649
0.622
0.596
0.571

0 .753
0.723
0 . 694
0. 666
0. 638
0. 612
0.586

0 .771
0.741
0 .711
0. 683
0. 655
0. 628
0. 601
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0.791
0.760
0.729
0.700
0.671
0.644
0.617

655909 657009 658109 659209 660309 6614090.489
0.516
0.544
0.573
0.604
0.636
0.669
0.704
0.740
0.779
0.818
0.860
0.903
0.948
0.996
1.045
1.096
1.149
1.205
1.263
1.323
1.385
1.450
1.517
1.586
1.658
1.731
1.B06
1.882
1.959
2.035
2.110
2.181

0.490
0.517
0.544
0.574
0.604
0.636
0.669
0.704
0.740
0.778
0.818
0.859
0.902
0.947
0.993
1.042
1.092
1.145
1.199
1.256
1.315
1.375
1.438
1.503
1.569
1.637
1.707
1.778
1.849
1.920
1.991
2.059
2.124

%126B61B3.00
%l2687283.00
%126BB383.00
%l26894B3.00
%l2690583.00
%126916B3.00
%12692783.00
%l2693B83.00
%l2694983.00
%l2696083.00
%12697183.00
%l26982B3.00
%12699383.00
%127004B3.00
%l2701583.00
%127026B3.00
%12703783.00
%12704BB3.00
%12705983.00
%127070B3.00
%12708183.00
%127092B3.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%127147B3.00
%12715883.00
%12716983.00
%127lB083.00
%12719183.00
%127202B3.00
%l2721383.00

0.484
0.510
0.538
0.567
0.598
0.630
0.663
0.698
0.735
0.774
0.814
0.856
0.901
0.947
0.996
1.047
1.101
1.157
1.216
1.278
1.344
1.413
1.485
1.562
1.642
1.727
1.818
1.913
2.014
2.120
2.232
2.348
2.468

0.486
0.512
0.540
0.569
0.600
0.632
0.666
0.701
0.738
0.776
0.816
0.859
0.903
0.949
0.998
1.048
1.101
1.157
1.216
1.277
1.341
1.408
1.479
1.553
1.631
1.713
1.799
1.889
1.983
2.081
2.182
2.285
2.389

0.487
0.514
0.542
0.571
0.602
0.634
0.667
0.702
0.739
0.778
0.818
0.860
0.904
0.950
0.998
1.048
1.101
1.156
1.213
1.274
1.336
1.402
1.471
1.543
1.618
1.696
1.778
1.863
1.950
2.040
2.132
2.224
2.314

0.489
0.515
0.543
0.572
0.603
0.635
0.669
0.704
0.740
0.778
0.818
0.860
0.904
0.950
0.997
1.047
1.099
1.153
1.210
1.269
1.330
1.394
1.461
1.531
1.603
1.678
1.755
1.835
1.916
1.999
2.082
2.165
2.245

l
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Y [f t]

v e r s i o n 4 » ***********************

<- X [ft] ->
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655909
2

657009
2

658109 659209 660309 661409
%12722483.00
%12723583.00
%12724683.00
%12725783.00
%12726883.00
%l2727983.00
12729083.00
%12730183.00
%12731283.00
%l2732383.00
%12733483.00
%12734583.00
%12735683.00
%12736783.00
%12737883.00
%12738983.00
%12740083.00
%12741183.00
%12742283.00
%12743383.00
12744483.00
%12745583.00
%12746683.00
%12747783.00
%12748883.00
%12749983.00
12751083.00
%12752183.00
%12753283.00
%12754383.00
%12755483.00
%l2756583.00
%12757683.00
12758783.00
%12759883.00
%12760983.00
%12762083.00
%12763183.00
%12764283.00
%12765383.00
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Y [f t] <- X [f t] ->

655909 657009 658109 659209 660309 661409
%12766483.00
%12767583.00
%127686B3.00
%12769783.00
%l2770B83.00
%l2771983.00
%12773083.00
%12774183.00
%l2775283.00

Y [f t] <- x [f t] ->

662509 663609 664709 665809 666909 668009
%126B6183.00
%12687283.00
12688383.00
12689483.00
12690583.00
%12691683.00
%12692783.00
%12693BB3.00
12694983.00
%12696083.00
%12697183.00
12698283.00
%l26993B3.00
%l2700483.00
%12701583.00
%12702683.00
%12703783.00
12704883.00
%12705983.00
%12707083.00
%1270B183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%l2716983.00
%12718083.00
%l2719183.00



*********************** THWELLS

Y [ft]

version 4.01 ***********************

<- x [ft] ->
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662509 663609 664709 665809 666909 668009

%12720283.00
%12721383.00
%12722483.00
%12723583.00
%12724683.00
%l2725783.00
%12726883.00
%12727983.00
%12729083.00
%12730lB3.00
%l2731283.00
%12732383.00
%12733483.00
%12734583.00
%12735683.00
%12736783.00
%127378B3.00
%1273B983.00
%12740083.00
%127411B3.00
%12742283.00
%12743383.00
%127444B3.00
%l2745583.00
%l2746683.00
%12747783.00
%12748883.00
%l2749983.00
%l27510B3.00
%12752183.00
%12753283.00
%l2754383.00
%12755483.00
%12756583.00
%12757683.00
%1275B7B3.00
%12759883.00
%127609B3.00
%12762083.00
%12763183.00

2.013
2.073
2.129
179

2.222
2.258
2.284
2.302
2.310
2.309
2.301
2.285
2.263
2.235
2.204
2.169
2.132
2.092
2.051
2.009
1.966
1.922
1.878
1.833
1.788
1.743
1.697
1.652
1.606
1.561
1.516
1.471
1.426
1.382
1.338
1.295
1.252
1.210
1.168
1.127

1.972
2.028
2.080
2.128
2.169
2.203
2.230
2.249
2.261
2.264
2.261
2.251
2.235
2.215
2.189
2.161
2.129
2.095
2.059
2.021
1.982
1.941
1.900
1.857
1.814
1.770
1.726
1.681
1.637
1.592
1.546
1.502
1.457
1.412
1.368
1.324
1.280
1.238
1.195
1.154

1.935
1.989
2.038
2.084
2.124
2.158
2.186
2.207
2.221
2.228
2.230
2.225
2.215
2.200
2.1B0
2.157
2.131
2.102
2.070
2.036
2.000
1.963
1.924
1.BB3
1.842
1.800
1.756
1.713
1.668
1.624
1.579
1.534
1.488
1.443
1.399
1.354
1.310
1.266
1.223
1.181

1.903
1.955
2.003
2.047
2.086
2.120
2.149
2.172
2.189
2.200
2.206
2.206
2.201
2.191
2.177
2.159
2.137
2.112
2.085
2.054
2.022
1.987
1.951
1.912
1.873
1.832
1.789
1.746
1.702
1.657
1.612
1.567
1.521
1.476
1.430
1,385
1.340
1.296
1.252
1.208

1.876
925

1.973
2.016
2.055
2.090
2.121
2.146
2.165
2.180
2.189
2.194
2.193
2.188
2.179
2.165
2.148
2.128
2.104
2.077
2.048
2.016
1.981
1.945
1.906
1.866
1.825
1.782
1.738
1.694
1.648
1.602
1.556
1.510
1.464
1.418
1.372
1.326
1.281
1.237

1.852
1.901
1.947
1.991
2.031
2.067
099

2.126
2.148
2.166
2.179
2.188
2.192
2.191
2.186
2.177
2.164
2.148
2.128
2.104
2.077
2.048
2.015
1.980
1.943
1.904
1.863
1.821
1.777
1.732
1.686
1.640
1.593
1.546
1.498
1.451
1.404
1,358
1.312
1.266
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%127642B3.00
%12765383.00
%127664B3.00
%12767583.00
%1276B683.00
%12769783.00
%127708B3.00
%12771983.00
%l2773083.00
%l2774lB3.00
%12775283.00

Y [ft]

Y [ft]

662509 663609 664709 665809 666909 668009
1. 087
1.048
1.009
0. 971
0. 934
0.898
0.863
0.829
0.795
0.763
0.731

1. 113
1.072
1.033
0 . 994
0. 957
0. 920
0 . 884
0.849
0.814
0 .781
0.749

<- x [ft] ->

<- X [ft] ->

1 . 139
1.098
1.057
1.018
0. 979
0. 942
0.905
0.869
0.834
0.799
0 .766

1. 166
1. 124
1.082
1.042
1.002
0. 964
0. 926
0. 889
0.853
0.818
0.784

1.193
1.150
1.108
1.066
1.026
0.986
0.947
0.910
0.873
0.837
0.802
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1.221
1.177
1.134
1.091
1.050
1.009
0.969
0.931
0.893
0,856
0.B20

669109 670209 671309 672409 673509 674609
%l2686lB3.00
%126B7283.00
%12688383.00
%l2689483.00
%l2690583.00
%l26916B3.00
%l2692783.00
%l2693B83.00
%l26949B3.00
%12696083.00
%12697183.00
%l26982B3.00
%126993B3.00
%12700483.0D
%127015B3.00
%127026B3.00
%127037B3.00
%12704883.00
%12705983.00
%12707083.00
%1270Bl83.00
%127092B3.00
%12710383.00
%127114B3.00
%12712583.00
%127136B3.00
%12714783.00
%127158B3.00
%12716983.00

0.485
0.510
0.538
0.566
0.595
0.626
0.658
0.691
0.726
0.761
0.799
0.837
0.877
0.919
0.962
1.006
1.051
1.098
1.146
1.196
1.246
1_298
1.350
1.404
1.458
1.512
1.567
1.621
1.675

0.483
0.509
0.535
0.564
0.593
0.623
0.655
0.688
0.722
0.758
0.795
0.833
0.873
0.914
0.956
1.000
1.045
1.091
1.138
1.187
1.237
1.288
1.340
1.392
1.445
1.499
1.553
1.606
1.660

0.481
0.506
0.533
0.561
0.590
0.620
0.652
0.685
0.718
0.754
0.790
0.828
0.868
0.908
0.950
0.993
1.038
1.084
1.131
1.179
1.228
1.278
1.329
1.381
1.434
1.487
1.540
1.593
1.647

0.478
0.504
0.531
0.558
0.587
0.617
0.648
0.681
0.715
0.750
0.786
0.824
0.863
0.903
0.944
0.987
1.031
1.077
1.123
1.171
1.220
1.269
1.320
1.371
1.423
1.476
1.529
1.582
1.635

0.476
0.501
0.528
0.555
0.584
0.614
0.645
0.677
0.711
0.745
0.781
0.819
0.857
0.897
0.938
0.981
1.025
1.070
1.116
1.163
1.211
1.261
1.311
1.362
1.414
1.467
1.519
1.573
1.626

0.473
0.499
0.525
0.552
0.581
0.610
0.641
0.673
0.706
0.741
0.777
0.814
0.852
0.892
0.933
0.975
1,018
1.063
1.109
1.156
1.204
1.253
1.303
1.354
1.406
1.458
1.511
1.564
1.618
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Y [ft] < x [f t] >

669109 670209 671309 672409 673509 674609
%12718083.00
%12719lB3.00
%12720283.00
%12721383.00
%127224B3.00
%127235B3.00
%12724683.00
%127257B3.00
%12726883.00
%12727983.00
%l2729083.00
%12730183.00
%l27312B3.00
%127323B3.00
%12733483.00
%l27345B3.00
%12735683.00
%12736783.00
%l2737883.00
%l273B9B3.00
%127400B3.00
%12741183.00
%12742283.00
%l2743383.00
%12744483.00
%l2745583.00
%12746683.00
%l2747783.00
%127488B3.00
%127499B3.00
%12751083.00
%127521B3.00
%12753283.00
%127543B3.00
%12755483.00
%127565B3.00
%l2757683.00
%12758783.00
%12759883.00
%127609B3.00

1.729
1.781
1.832
1.881
1.927
1.971
2.012
2.049
2.083
2.112
2.138
2.159
2.176
2.188
2.196
2.200
2.200
2.195
2.186
2.173
2.156
2.136
2.112
2.084
2.054
2.020
1.984
1.946
1.905
1.862
1.818
1.773
1.726
1.679
1.631
1.583
1.535
1.486
1.438
1.390

1.713
1.765
1.815
1.864
1.911
1.956
1.998
2.037
2.073
2.105
2.133
2.158
2.179
2.195
2.207
2.215
2.219
2.218
2.213
2.204
2.191
2.173
2.152
2.126
2.097
2.065
2.029
1.991
1.950
1.907
1.062
1.816
1.769
1.720
1.671
1.622
1.572
1.523
1.473
1.424

1.699
1.751
1.802
1.851
1.899
1.945
1.989
2.030
2.068
2.103
2.135
2.163
2.187
2.208
2.224
2.237
2.245
2_248
2.247
2.241
2.231
2.216
2.197
2.173
2.145
2.114
2.079
2.040
1.999
1.955
1.910
1.862
1.814
1.764
1.714
1.663
1.612
1.560
1.510
1.459

1.688
1.740
1.791
1.842
1.891
l,93B
1.984
2.027
2.068
2.106
2.141
2.173
2.201
2.226
2.247
2.264
2.276
2.284
2.287
2.285
2.278
2.265
2.248
2.226
2.199
2.168
2.133
2.094
2.052
2.008
1.961
1.912
1.861
1.810
1.75B
1.705
1.652
1.600
1.547
1.495

1.679
1.732
1.784
1,835
1.886
1.935
1,982
2.028
2.072
2.113
2.152
2.188
2.221
2.250
2.276
2.297
2.314
2.326
2.333
2.335
2.331
2.321
2.306
2.285
2.259
2.228
2.193
2.153
2.110
2.064
2.015
1.964
1.912
1.859
l.B04
1.750
1.695
1.640
1,586
1.532

1,672
1.725
1.779
1.831
l.8B4
1.935
1.985
2.033
2.080
2.125
2.168
2.209
2.246
2.280
2.311
2,337
2.359
2.376
2.387
2.393
2.392
2.385
2.372
2.352
2.326
2.295
2.258
2.217
2.172
2,124
2.073
2.020
1.965
1.910
1.853
1.796
1.739
1.682
1.626
1.569
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%12762083.00
%12763183.00
%12764283.00
%12765383.00
%12766483.00
%12767583.00
%12768683.00
%l2769783.00
%12770883.00
%l2771983.00
%12773083.00
%12774183.00
%12775283.00

Y [ft]

Y [ft]

669109 670209 671309 672409 673509 674609
1.343
l .297
l.250
1.205
1 . 161
1.117
1.074
1.032
0. 992
0.952
0.913
0.875
0 . B39

1 .376
1.328
1.280
1.234
1.l8B
1. 143
1 .099
1.056
014

0. 973
0. 934
0.895
0.857

version 4.01 ***********************

<- X [ft] ->

< x[f ti >

1.409
1.359
1.311
1 .263
1.216
1.169
1. 124
1 .080
1.037
0.995
0. 954
0. 915
0. 876

1.443
1 .392
342

1.292
1.244
1.196
1. 150
1. 105
1.060
1.017
0. 975
0. 935
0.B95

1.478
l .425
1.374
1.323
1.273
1.224
1. 176
1. 129
1.084
1.039
0. 996
0. 954
0.914
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1.514
1.460
1.406
1.353
1.302
1.251
1.202
1.154
1.107
1.062
1.018
0.975
0.933

675709 676809 677909 679009 680109 681209
%12686183.00
%12687283.00
%12688383.00
%12689483.00
%12690583.00
%12691683.00
%12692783.00
%l2693883.00
%12694983.00
%12696083.00
%12697183.00
%12698283.00
%12699383.00
%12700483.00
%12701583.00
%12702683.00
%12703783.00
%12704883.00
%12705983.00
%127070B3.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00

0.471
0.496
0.522
0.549
0.577
0.607
0.637
0.669
0.702
0.736
0.772
0.B09
0.847
0.BB6
0.927
0.968
1.012
1.056
1.102
1.148
1.196
1.245
1.295
1.346
1.398
1.451
1.504

0.468
0.493
0.518
0.545
0.574
0.603
0.633
0.665
0.698
0.732
0.767
0.803
0.841
0.880
0.921
0.962
1.005
1.049
1.095
1.141
1.189
1.238
1.288
1.339
1.391
1.444
1.498

0.465
0.489
0.515
0.542
0.570
0.599
0.629
0.660
0.693
0.727
0.762
0,798
0.836
0.875
0.915
0.956
0.999
1.043
1.088
1.135
1.182
1.231
1.281
1.333
1.385
1.438
1.492

0.461
0.486
0.511
0.538
0.566
0.595
0.625
0.656
0.688
0.722
0.757
0.793
0.830
0,869
0.909
0.950
0.993
1.037
1.082
1.128
1.176
1.225
1.275
1.327
1.379
1.433
1.488

0.458
0.482
0.508
0.534
0.562
0.590
0.620
0.651
0.683
0.717
0.751
0.787
0.825
0.863
0.903
0.944
0.986
1.030
1.075
1.122
1.170
1.219
1.269
1.321
1.374
1.428
1,484

0.454
0.479
0.504
0.530
0.557
0.586
0.616
0.646
0.678
0.712
0.746
0.782
0.819
0,857
0.897
0.938
0,980
1.024
1.069
1.115
1.163
1.213
1.263
1.315
1.369
1.423
1.480
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Y [ft] <- X [f t] - >
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675709 676809 677909 679009 680109 681209
%12715883.00
%12716983.00
%12718083.00
%12719lB3.00
%12720283.00
%12721383.00
%127224B3.00
%l27235B3.00
%12724683.00
%l27257B3.00
%12726BB3.00
%l27279B3.00
%12729083.00
%12730183.00
%12731283.00
%12732383.00
%12733483.00
%12734583.00
%12735683.00
%l2736783.00
%12737883.00
%1273B983.00
%l27400B3.00
%l2741183.00
%l2742283.00
%12743383.00
%l27444B3.00
%l2745583.00
%127466B3.00
%12747783.00
%12748883.00
%127499B3.00
%12751083.00
%1275Z1B3.00
%12753283.00
%12754383.00
%12755483.00
%l2756583.00
%12757683.00
%1275B783.00

1.558
1.612
1.666
1.721
1.776
1.830
1.884
1.937
1.990
2.042
2.092
2.141
2.188
2.233
2.276
2.315
2.351
2.383
2.411
2.433
2.449
2.458
2.461
2.457
2.445
2.426
2.400
2.368
2.330
2.287
2.240
2.189
2.135
2.079
2.022
1.963
1.904
1.844
1.785
1.725

1.552
1.607
1.662
1.718
1.774
1.831
1.887
1.943
1.998
2.053
2.107
2.161
2.212
2.263
2.311
2.356
2.398
2.436
2.469
2.497
2.519
2.533
2.539
2.538
2.527
2.509
2.483
2.449
2.409
2.363
2.312
2.258
2.201
2.142
2.081
2.019
1.957
1.894
1.832
1.770

1.547
1.603
1.660
1.717
1.775
1.833
1.891
1.950
2.009
2.067
2.125
2.183
2.240
2.296
2.350
2.401
2.450
2.495
2.535
2.570
2.597
2.617
2.628
2.629
2.620
2.602
2.574
2.538
2.495
2.445
2.391
2.332
2.271
2.207
2.143
2.077
2.011
1.945
1.880
1.815

1.544
1.600
1.658
1.717
1.776
1.836
1.897
1.959
2.021
2.083
2,146
2.208
2.271
2.332
2.393
2.452
2.508
2,561
2.609
2.651
2.686
2.712
2.727
2.732
2.724
2.706
2.676
2.637
2.589
2.535
2.475
2.411
2.345
2.276
2.207
2.137
2,067
1.998
1.929
1.861

1.540
1.598
1,657
1.717
1.779
1.841
1.905
1.969
2.034
2.101
2.16B
2.236
2.304
2.372
2.439
2.506
2.571
2.633
2.690
2.742
2.785
2.819
2.840
2.848
2.B42
2.822
2.789
2.745
2.692
2.631
2.565
2.495
2.422
2.348
2.273
2.199
2.125
2,051
1.979
1.908

1.537
1.596
1.657
1.719
1.782
1.846
1.912
1.980
2.049
2.119
2.191
2.264
2.338
2.413
2.489
2.564
2.639
2.711
2.780
2.842
2.896
2.939
2.968
2.981
2.976
2.954
2.916
2.865
2.B03
2,734
2.660
2.582
2.502
2.422
2.342
2.262
2.183
2.106
2.030
1.955



*********************** THWELLS

%12759883.00
%12760983.00
%12762083.00
%12763183.00
%12764283.00
%12765383.00
%12766483.00
%12767583.00
%1276B683.00
%12769783.00
%12770883.00
%12771983.00
%12773083.00
%12774183.00
%12775283.00

Y let]

Y [ft]

675709
1.666
l . 60B
1.551
1.494
1.439
1 .384
1.331
1.279
1.229
1. 179
1.131
l.0B4
039

0.995
0 . 952

676809 677909 67
1.708
1.648
1.588
1.530
1.472
1.416
1.361
1.307
1.255
1.204
1.155
1.107
060

1.015
0.971

version 4 . ***********************

<- x [ft] ->

<- X [ft] ->

1.751
1.6B8
1.626
1.565
1.506
1.448
1.391
1.336
1.282
1.229
1.178
1.129
1.081
1.035
0.990

9009
1.794
729

1.664
1.601
1.540
1.480
421

1.364
1.308
1.255
1.202
1.151
1.102
1.054
1.008

680109
1.838
770

1.703
1.638
1.574
1.512
1.451
1.392
1.335
1.280
1.226
1.173
1.123
1.074
1.027

681209
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1.882
1.811
1.741
1.674
1.608
1.543
1.481
1.420
1.361
1.304
1.249
1.195
1.143
1,093
1.045

682309 683409 684509 685609 686709 687809

%12686lB3.00
%12687283.00
%1268B3B3.00
%126894B3.00
%12690583.00
%l2691683.00
%12692783.00
%12693883.00
%12694983.00
%12696083.00
%12697183.00
%1269B283.00
%12699383.00
%12700483.00
%127015B3.00
%12702683.00
%127037B3.00
%12704883.00
%12705983.00
%127070B3.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%l2712583.00

0.451
0.475
0.500
0.526
0.553
0.581
0.611
0.641
0.673
0.706
0.740
0.776
0.813
0.851
0.891
0.932
0.974
1.018
1.063
1.109
1.157
1.207
1.257
1.310
1.364

0.447
0.471
0.496
0.522
0.548
0.577
0.606
0.636
0.668
0.701
0.735
0.770
0.807
0.845
0.884
0.925
0.967
1.011
1.056
1.103
1.151
1.200
1.252
1.304
1.359

0.443
0.467
0.491
0.517
0.544
0.572
0.601
0.631
0.662
0.695
0.729
0.764
0.B01
0_839
0.878
0.919
0.961
1.004
1.050
1.096
1.144
1.194
1.246
1.299
1.354

0.439
0.463
0.487
0.513
0.539
0.567
0.596
0.626
0.657
0.689
0.723
0,758
0.795
0.832
0.872
0.912
0.954
0.998
1.043
1.090
1.138
1.188
1.240
1.293
1.348

0.435
0.458
0.482
0.508
0.534
0.562
0.590
0.620
0.651
0.683
0.717
0.752
0,788
0.826
0.865
0.905
0.947
0.991
1.036
1.083
1.131
1.181
1.233
1.287
1.342

0.431
0.454
0.478
0.503
0.529
0.556
0.585
0.614
0.645
0.677
0.711
0.745
0.782
0.819
0.858
0.898
0.940
0.984
1.029
1.075
1.124
1.174
1.226
1.280
1.336
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<- X [f t]Y [f t] ->

682309 683409 687809684509 685609 686709

%l2713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%12720283.00
%12721383.00
%12722483.00
%12723583.00
%l2724683.00
%12725783.00
%12726883.00
%12727983.00
%l2729083.00
%12730183.00
%12731283.00
%12732383.00
%12733483.00
%12734583.00
%l2735683.00
%127367B3.00
%12737B83.00
%127389B3.00
%l2740083.00
%1274ll83.00
%l2742283.00
%l2743383.00
%127444B3.00
%12745583.00
%127466B3.00
%12747783.00
%127488B3.00
%12749983.00
%127510B3.00
%12752183.00
%12753283.00
%127543B3.00
%12755483.00
%12756583.00



*********************** THWELLS

Y [ft]

version 4 . ***********************

<~ X [ft] ->
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682309 683409 684509 685609 686709 687809
%12757683.00
%12758783.00
%12759883.00
%12760983.00
%12762083.00
%12763183.00
%12764283.00
%12765383.00
%l2766483.00
%12767583.00
%l2768683.00
%12769783.00
%12770883.00
%12771983.00
%12773083.00
%12774183.00
%l2775283.00

Y [f t] <- x [f t] ->

688909 690009 691109 692209 693309 694409
%12686183.00
%12687283.00
%12688383.00
%l2689483.00
12690583.00
%12691683.00
%12692783.00
%12693883.00
%12694983.00
%12696083.00
%12697183.00
%12698283.00
12699383.00
%12700483.00
%12701583.00
%12702683.00
%12703783.00
%12704883.00
%12705983.00
%12707083.00
%12708183.00
%12709283.00
%12710383.00
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Y [f t] <- x [ft] ->

688909 690009 691109 692209 693309 694409
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%l2720283.00
12721383.00
%12722483.00
%12723583.00
%12724683.00
%12725783.00
%12726883.00
%12727983.00
%12729083.00
%l2730183.00
%127312B3.00
%12732383.00
%l2733483.00
%l2734583.00
%127356B3.00
%l27367B3.00
%12737883.00
%12738983.00
12740083.00
%l2741183.00
%12742283.00
12743383.00
%12744483.00
%12745583.00
%127466B3.00
%12747783.00
12748883.00
%l27499B3.00
%l27510B3.00
%127521B3.00
%12753283.00
%127543B3.00

l H ll l I I lllll l1_l___
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%12755483.00
%12756583.00
%12757683.00
%12758783.00
%12759B83.00
%12760983.00
%12762083.00
%l27631B3.00
%l27642B3.00
%l2765383.00
%12766483.00
%127675B3.00
%1276B683.00
%l2769783.00
%12770883.00
%l2771983.00
%12773083.00
%l2774183.00
%l27752B3.00

Y [ft]

Y [ft]

688909 690009 691109 692209 693309 694409
2.572
2.467
2.366
2.269
2.175
2.084
1.997
1.913
1.831
1.752
1.676
1.603
1.532
1.464
1.398
1.335
1.274
1.215
1.158

2.618
2.511
2.407
2.308
2.212
2.119
2.030
1.943
1.859
1.779
1.701
1.626
1.553
1.483
1.416
1.352
1.289
1.229
1.172

<~ x [ft] ->

<- X [ft] ->

2.661
2.552
2.447
2.345
2.247
2.152
2.061
1.972
1.886
1.804
1.724
1.647
1.573
1.502
1.433
1.367
1.304
1.243
1.185

2 .701
2.591
2 . 484
2.381
2 .281
2 .184
2.090
2 .000
1. 912
1.828
1.746
1. 668
1.592
1.519
1.449
1.382
1.318
1.256
1.196

2.739
2.628
2.520
2.415
2.313
2.214
2.118
2.026
1.936
1.850
1.767
1.686
1.609
1.535
1.464
1.396
1.330
1.267
1.207
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2.775
2.663
2.554
2.447
2.343
2.243
2.145
2.050
1.959
1.871
1.786
1.704
1.625
1.550
1.477
1.408
1.341
1.277
1.216

695509 696609 697709 698809 699909 701009

%12686183.00
%l26B72B3.00
%12688383.00
%12689483.00
%126905B3.00
%12691683.00
%126927B3.00
%l2693883.00
%126949B3.00
%12696083.00
%126971B3.00
%1269B283.00
%12699383.00
%127004B3.00
%12701583.00
%12702683.00
%127037B3.00
%12704BB3.00
%12705983.00
%12707083.00
%127081B3.00

0.398
0.419
0.442
0.465
0.490
0.515
0.542
0.570
0.599
0.630
0.661
0.694
0.729
0.765
0.802
0.841
0.881
0.924
0.967
1.013
1.061

0.392
0.414
0.436
0.459
0.483
0.509
0.535
0.563
0.592
0.622
0.653
0.686
0.720
0.756
0.793
0.831
0.871
0.913
0.957
1.002
1.050

0.387
0.408
0.430
0.453
0.477
0.502
0.528
0.556
0.584
0.614
0.645
0.677
0.711
0.746
0.783
0.821
0.861
0.903
0.946
0.991
1.038

0.382
0.402
0.424
0.447
0.470
0.495
0.521
0.548
0.576
0.606
0.636
0.668
0.702
0.737
0.773
0.811
0,850
0.891
0.934
0.979
1.025

0.376
0.396
0.418
0.440
0.464
0,488
0.514
0.540
0,568
0.597
0.628
0.659
0.692
0.727
0.763
0,800
0.839
0_BBO
0.922
0.966
1.012

0.370
0.391
0.412
0.434
0.457
0.481
0.506
0.533
0.560
0,589
0.619
0.650
0.683
0.716
0.752
0.789
0.827
0.867
0.909
0.953
0,998
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Y [f t] X [ft] ->

695509 696609 697709 698809 699909 701009

%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%12720283.00
%12721383.00
%12722483.00
%12723583.00
%12724683.00
%12725783.00
%12726883.00
%12727983.00
%12729083.00
%l2730183.00
%12731283.00
%l2732383.00
%12733483.00
%l2734583.00
%12735683.00
%12736783.00
%l2737883.00
%12738983.00
%l2740083.00
%12741183.00
%12742283.00
%12743383.00
%12744483.00
%12745583.00
%12746683.00
%12747783.00
%l2748883.00
%12749983.00
%12751083.00
%l2752183.00

1.110
1.162
1.216
1.272
1.331
1.392
1.456
1.522
1.592
1.664
1.740
1.B20
1.904
1.992
2.084
2.181
2.283
2.391
2.505
2.626
2.753
2.888
3.030
3.179
3.334
3.492
3.647
3.791
3.908
3.984
4.008
3.982
3.917
3_B26
3.723
3.612
3.499
3.384
3.269
3.154

1.099
1.150
1.204
1.260
1.318
1.378
1.442
1.508

577
1.649
1.725
1.804
1.887

974
2.065
2.161
2.261
2.367
2.478
2.594
2.717
2.845
2.978
3.116
3.256
3.396
3.530
3.652
3.751
3.820
3.852
3.849
3.814
3.756
3.681
3.595
3.500
3.399
3.294
3.185

1.087
138

1.191
1.246

304
1.364
1.427
1.492
1.561
1.633
1.707
1.786
1.867
1.953
2.043

137
2.235

339
2.446
2.559
2.677
2.799
2.924
3.052
3.181
3.308
3.428
3.536
3.627
3.694
3.735
3.749
3.737
3.704
3.653
3.587
3.509
3.421
3.324
3.220

1 074
1.124
1.177
1.232
1.289
1.348
1.411
1.475
1.543
1.614
1.688
1.765
1.846
1.930
2.018
2.111
2.207
2.307
2.412
2.521
2.634
2.750
2.869
2.990
3.110
3.227
3.339
3.440
3.528
3.598
3.648
3.676
3.683
3.671
3.640
3.593
3.530
3.453
3.363
3.262

1.060
1.110
1.162
1.216
1.273
1.332

393
1.457
1.524
1.594
1.667
1.743
1.822
1.905
1.992
2.082
2.176
2.274
2.375
2_480
2.589
2.701
2.814
2.929
3.043
3.155
3.262
3.360
3.449
3.524
3.583
3.626
3.651
3.658
3.647
3.616
3.567
3.499
3.414
3.315

1.046
1.095
1.146
1.200
1.256

314
1.374
1.438
1.504
1.572
1.644
1.719
1.797
1_878
1.963
2.051

142
2.238
2.336
2.438
2.543
2.651
2.760
2.871
2.981
3.089
3.194
3.293
3.385
3.467
3.538
3.596
3.639
3.666
3.674
3.661
3.624
3.564
3.481
3.380



*********************** THWELLS

%12753283.00
%12754383.00
%12755483.00
%12756583.00
%12757683.00
%12758783.00
%12759883.00
%12760983.00
%12762083.00
%12763183.00
%12764283.00
%12765383.00
%12766483.00
%l2767583.00
%12768683.00
%12769783.00
%l27708B3.00
%12771983.00
%127730B3.00
%12774183.00
%l27752B3.00

Y [ft]

Y [ft]

695509 696609 697709 698809
3.039
2.924
2.810
2.698
2.587
2.479
2.373
2.270
2.170
2.073
1.980
1.890
1.803
1.720
1.640
1.563
1.489
l.41B
1.351
1.286
1.224

3.073
2.960
2.846
2.732
2.620
2.509
2.401
2.296
2.193
2.094
1.999
1.907
l.B19
1.734
1.652
1.574
1.499
1.428
1.359
1.293
1.231

version 4.01 ***********************

<- x [ft] ->

<- x [ft] ->

3.111
2.998
2.883
2.767
2.652
2.539
2.428
2.320
2.215
2.114
2.016
1.922
1.832
1.746
1.663
1.584
1.508
1.435
1.366
1.299
1.236

3.154
3.040
2.922
2.804
2.685
2.568
2.454
2,343
2.235
2.131
2.031
1.936
1.844
1.756
1.672
1.591
1.514
1.441
1.371
1.304
1.240

699909 701009
3.205
3.087
2.965
2.841
2.718
2.596
2.478
2.363
2.252
2.146
2.044
1.946
1.853
1.763
1.678
1.597
1.519
1.445
1.374
1.307
1.242
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3.264
3.140
3.011
2.880
2.750
2.623
2.500
2.381
2.267
2.158
2.054
1.954
1.859
1.768
1.682
1.600
1.521
1.447
1.375
1.307
1.243

702109 703209 704309 705409 706509 707609
%l2686183.00
%126872B3.00
%126B8383.00
%12689483.D0
%12690583.00
%12691683.00
%12692783.00
%12693883.00
%12694983.00
%12696083.00
%l2697183.00
%12698283.00
%126993B3.00
%12700483.00
%12701583.00
%12702683.00
%127037B3.00
%12704883.00
%12705983.00

0.365
0.384
0.405
0.427
0.450
0.474
0.499
0.524
0.552
0 .580
0. 609
0. 640
0.672
0.706
0.741
0.777
0.B15
0_855
0 .896

0.359
0.378
0 .399
0.420
0.443
0. 466
0.491
0.516
0.543
0.571
0. 600
0. 630
0. 662
0. 695
0.730
0.765
0.803
0.842
0.BB3

0.353
0.372
0 .392
0.413
0.435
0 .458
0.483
0.508
0.534
0.562
0 .590
0. 620
0. 651
0 | 684
0.718
0.753
0.790
0.B28
0.868

0.347
0.366
0 .386
0.406
0.428
0.451
0.474
0 .499
0 .525
0.552
0.580
0. 610
0. 640
0 | 672
0.706
0 .741
0.777
0 .815
0.854

0 .341
0.359
0 .379
0.399
0.420
0.443
0.466
0.490
0 .516
0 .542
0.570
0.599
0. 629
0 . 661
0. 693
0 .728
0.763
0 .800
0 . 839

0.334
0 .353
0.372
0.392
0 .413
0. 435
0,458
0.482
0.507
0.533
0.560
0.588
0. 618
0. 649
0. 681
0.714
0,749
0.786
0.824

ll l l



*********************** THWELLS

Y [ft]

version *******-A-*************** PAGE 24

<- X [ft ->

702109 703209 704309 705409 706509 707609
12707083.00
01270B183.00
%12709283.00
%127103B3.00
%127ll4B3.00
%12712583.00
%127136B3.00
%127147B3.00
%12715883.00
%12716983.00
%12718083.00
%127191B3.00
%12720283.00
%l2721383.00
%127224B3.00
%127235B3.00
%12724683.00
%l2725783.00
%l2726883.00
%12727983.00
%l27290B3.00
%l2730183.00
%l2731283.00
%12732383.00
%l2733483.00
%12734583.00
%127356B3.00
%l2736783.00
%12737883.00
%12738983.00
%12740083.00
%12741183.00
%127422B3.00
%12743383.00
%12744483.00
%127455B3.00
%12746683.00
%127477B3.00
%12748BB3.00
%l2749983.00

0.939
0.984
1.031
1.079
1.130
1.183
1.238
1.295
1.355
1.417
1.482
1.549
1.620
1.693
1.770
1.849
1.932
2.018
2.107
2.200
2.296
2.395
2.497
2.601
2.707
2.814
2.922
3.028
3.133
3.235
3.332
3.423
3.507
3.582
3.645
3.694
3.725
3.731
3.707
3.653

0.925
0.969
1.015
1.063
1.113
1.165
1.219
1.275
1.334
1.395
1.459
1.525
1.594
1.666
1.741
1.819
1.900
1.984
2.071
2.161
2.254
2.350
2.449
2.550
2.654
2.759
2.865
2.972
3_078
3.183
3.287
3.388
3.486
3.580
3.667
3.743
3.801
3.832
3.824
3.774

0.910
0.954
0.999
1.046
1.095
1.146
1.199
1.255
1.312
1.372
1.435
1.500
1.567
1.638
1.711
1.787
1.866
1.947
2.032
2.120
2.211
2.305
2.401
2.500
2.601
2.705
2.810
2.917
3.025
3.135
3.246
3.358
3.472
3.587
3.702
3.811
3.907
3.972
3.988
3.939

0.895
0.938
0.982
1.028
1.076
1.127
1.179
1.233
1.290
1.348
1.410
1.473
1.539
1.608
1.679
1.753
1.830
1.910
1.993
2.078
2.167
2.258
2.352
2.448
2.548
2.650
2.755
2.862
2.973
3.086
3.205
3.328
3.458
3.596
3.742
3.894
4.044
4.166
4.220
4.169

0.879
0.921
0.965
1.010
1.057
1.106
1.158
1.211
1.266
1.324
1.383
1.446
1.510
1.577
1.647
1,719
1.794
1.871
1.952
2.035
2.121
2.210
2.302
2.396
2.494
2.594
2.699
2.806
2.919
3.036
3.160
3.293
3.438
3.597
3.777
3.980
4.205
4.430
4.568
4.504

0.863
0.904
0.947
0.991
1.038
1.086
1_l36
1.1B8
1.242
1.298
1.356
1.417
1.480
1.545
1.613
1.683
1.756
1.832
1.910
1.991
2.074
2.161
2.250
2.343
2.438
2.537
2.640
2.748
2,861
2.981
3.109
3.249
3.404
3.581
3.789
4.041
4.360
4.766
5.158
5.031



*********************** THWELLS

%12751083.00
%12752183.00
%12753283.00
%12754383.00
%12755483.00
%12756583.00
%12757683.00
%12758783.00
%12759883.00
%12760983.00
%12762083.00
%12763183.00
%l2764283.00
%12765383.00
%12766483.00
%12767583.00
%12768683.00
%12769783.00
%12770883.00
%12771983.00
%12773083.00
%12774183.00
%12775283.00

Y [ft]

Y [ft]

702109 703209 704309 705409 706509 7
3.569
3.460
3.335
3.199
3.059
2.919
2.782
2.648
2.520
2.396
2.279
2.167
2.060
1.959
1.863
1.771
1.684
1.601
1.522
1.446
1.375
1.307
1.242

3.683
3.560
3.417
3.264
3.110
2.958
2.810
2.669
2.535
2.407
2.287
2.172
063

1.960
B 63

1.770
l.6B2
1.599
1.520
444

1.372
1.304
1.239

version 4 . ***********************

<- X [ft] ~>

<- x [ft] ->

3.831
3.681
3.510
3.333
3.159
2.992
2.834
2.685
2.545
2.413
2.289
2.173
2.062
1.958
1.860
1.766
1.678
1.594
1.515
439

1.368
1.299
1.234

4.022
3.823
3.609
3.399
3.203
3.020
2.851
2.694
2.549
2.413
2.287
2.168
2.056
1,952
1.853
1.759
1.671
1.587
1.508
1.432
1.361
1.293
1.228

4.266
3.978
3.702
3.454
3.234
3.036
2,857
2.694
2.544
2.406
2.277
2.158
2.046
1.941
1.842
1.748
1.660
1.577
1.498
1.423
1.352
.284
1.220

07609
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4.547
114

3.768
3.484
3.243
3.034
2.848
2.681
530

2.390
2.261
2.141
2.030
1.925
1.827
1.734
646

1.563
1.485
1.411
1.340
1.273
1.210

708709 709809 710909 712009 713109 714209
%12686183.00
%12687283.00
%1268B383.00
%12689483.00
%12690583.00
%l26916B3.00
%12692783.00
%12693B83.00
%12694983.00
%12696083.00
%12697183.00
%12698283.00
%12699383.00
%12700483.00
%12701583.00
%12702683.00
%12703783.00

0.32B
0.346
0.365
0.384
0.405
0.427
0.449
0.472
0.497
0.523
0.549
0.577
0.606
0. 636
0. 668
0.701
0.735

0.322
0 .339
0 .358
0.377
0 .397
0.418
0.440
0 .463
0_487
0.512
0 .539
0.566
0 .594
0. 624
0 .655
0.687
0.721

0.315
0.332
0.351
0.369
0 .389
0.410
0.431
0.454
0_478
0.502
0 .528
0.554
0.582
0. 611
0. 642
0. 673
0.706

0.309
0.326
0.343
0 .362
0.381
0.401
0.423
0.445
0.468
0.492
0.517
0.543
0.570
0.598
0.628
0. 659
0. 691

0.302
0.319
0 .336
0. 354
0.373
0,393
0.413
0.435
0 . 458
0.481
0.506
0.531
0.558
0,585
0. 614
0. 644
0 . 676

0.296
0.312
0.329
0.346
0.365
0,384
0 .404
0.425
0.447
0.470
0.494
0.519
0.545
0.572
0. 600
0. 630
0. 660



*********************** THWELLS

Y [ft]

version 4.al ***********************

<- x [ft] ->
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708709 709809 710909 712009 713109 714209
%12704883.00
%12705983.00
%12707083.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%12720283.00
%12721383.00
%l2722483.00
%12723583.00
%12724683.00
%12725783.00
%12726883.00
%l2727983.00
%12729083.00
%12730183.00
%12731283.00
%l2732383.00
%12733483.00
%12734583.00
%12735683.00
%12736783.00
%12737883.00
%12738983.00
%12740083.00
%12741183.00
%12742283.00
%12743383.00
%12744483.00
%12745583.00
%12746683.00
%12747783.00

0.771
0.808
0.846
0.887
0.929
0.972
1.017
1.064
1.113
1.164
1.217
1.272
1.328
1.388
1.449
1.512
1.578
1.647
1.717
1.791
1.867
1.945
2.026
2.110
2.197
2.287
2.381
2.478
2.579
2.686
2.798
2.918
3.048
3.191
3.351
3.537
3.759
4.039
4.421
5.021

0.755
0.792
0.830
0.869
0.910
0.952
0.997
1.042
.090

1.140
1.191
1.245
1.300
1.357
1.417
1.479
1.543
1.609
1.678
1.749
1.822
1.898
1.977
2.059
2.143
2.230
2.321
2.416
2.515
2.619
2.730
2.848
2.976
3.117
3.276
3.459
3.676
3.946
4.301
4_803

0.740
0.775
0.812
0.851
0.891
0.932
0.975
1.020
1.067
1.115
1.165
1.217
1.271
1.326
1.384
1.444
1.506
1.571
1.637
1.706
1.777
1.851
1.927
2.005
2.087
2.172
2.260
2.352
2.448
2.549
2.656
2.770
2.893
3.029
3.179
3.349
3.544
3.774
4.043
4.338

0.724
0.759
0.795
0.832
0.871
0.912
0.954
0.997
1.042
1.089
1.138
1.189
1.241
1.295
1.351
1.409
1.469
1.531
1.596
1.662
1.731
1.802
1.875
1.951
2.030
2.111
2.196
2.284
2.377
2.473
2.576
2.684
2.801
2.927
3.064
3.215
3.381
3.562
3.750
3.919

0_708
0.742
0.777
0.813
0.851
0.891
0.932
0.974
1.018
1.064

1.160
1.210
1.263
1.317
1.373
1.431
1.491
1.553
1.618
1.684
1.752
1.823
1.896
1.971
2.049
2.130
2.215
2.303
2.394
2.491
2.593
2.700
2.815
2.937
3,067
3.203
3.341
3.472
3.574

0.692
0.725
0.759
0.794
0.831
0.870
0.909
0.951
0.993
1.037
1.083
1.131
1.180
1.231
1.283
1.337
1.393
1.451
1.511
1.572
1.636
1.702
1.769
1.839
1.911
1.986
2.063
2.143
2.226
2.312
2.402
2.496
2.595
2.697
2.804
2.913
3.023
3.129
3.221
3.287
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*********************** THWELLS

%12748B83.00
%127499B3.00
%12751083.00
%12752lB3.00
%12753283.00
%12754383.00
%12755483.00
%12756583.00
%127576B3.00
%l2758783.00
%12759883.00
%l2760983.00
%127620B3.00
%l2763183.00
%l2764283.00
%127653B3.00
%12766483.00
%12767583.00
%127686B3.00
%l2769783.00
%127708B3.00
%l2771983.00
%12773083.00
%12774183.00
%12775283.00

Y [ft]

Y twirl

708709 709809 710909 712009 713109 714209
6.381
5.763
4.724
4.164
3.775
3.473
3.224
3.010
2.823
2.656
2.504
2.365
2.238
2.119
2.008
1.904
1.807
1.715
1.629
1.547
1.470
1.396
1.327
1.261
1.198

5.449
5.238
4.560
4.068
3.703
3.413
3.171
2.963
2.780
2.616
2.468
2.332
2.206
2.090
1.981
1.879
1.784
1.693
1.608
1.528
1.452
1.380
1.311
1.246
1.184

version 4 _ 01 ***********************

<- x [f t] ->

<- x [ft] ->

4.552
4.484
4.186
3.855
3.561
3.307
3.087
2.893
2.720
2.563
2.420
2.289
2.167
2.054
1.948
1.849
1.756
1.668
1.585
1.506
1.431
1.360
1.293
1.229
1.l6B

4.012
3.973
3.814
3.601
3.379
3.170
2.979
2.804
2.644
2.498
2.363
2.238
2.122
2.013
1.911
1.815
1.724
1.639
1.558
1.481
1.408
1.339
1.273
1.211
1.151

3.622
3.594
3.495
3.350
3.185
3.017
2.855
2.701
2.558
2.423
2.298
2.180
2.070
1.966
1.869
1.776
1.689
1.606
1.528
1.454
1.3B3
1.316
1.252
1.191
1.132
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3.314
3.291
3.223
3.118
2.993
2.B59
2.723
2.590
2.463
2.341
2.226
2.116
2.013
1.915
1.822
1.734
1.651
1.571
1.496
1.424
1.355
1.290
1.228
1.169
1.112

715309 716409 717509 71B609 719709 720809
%126B61B3.00
%126B7283.00
%1268B3B3.00
%126B9483.00
%126905B3.00
%12691683.00
%12692783.00
%12693883.00
%12694983.00
%126960B3.00
%126971B3.00
%1269B2B3.00
%12699383.00
%127004B3.00
%12701583.00

0 .289
0.305
0 .321
0.339
0 .357
0.375
0 .395
0.416
0.437
0.460
0.483
0 .507
0.533
0 .559
0.586

0.282
0_298
0.314
0.331
0.348
0.367
0.386
0.406
0.427
0.449
0.472
0.495
0.520
0.546
0.572

0 .276
0.291
0.306
0.323
0.340
0.358
0 .377
0.396
0 .417
0.438
0. 460
0.483
0.507
0 .532
0_558

0.269
0.284
0.299
0 .315
0.332
0.349
0.367
0.386
0.406
0.427
0.448
0.471
0.494
0.519
0 .544

0.262
0.276
0.291
0.307
0,323
0.340
0,358
0.377
0.396
0 .416
0.437
0. 459
0.481
0.505
0.529

0 .255
0.269
0 .284
0.299
0 .315
0.332
0 .349
0.367
0 .386
0.405
0 . 425
0.447
0.469
0.491
0 .515



*********************** THWELLS _ version 4.01 ***********************

Y [ft] x [f t] ->

PAGE 28

715309 716409 717509 718609 719709 720809
%12702683.00
%12703783.00
%12704883.00
%12705983.00
%12707083.00
%l2708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%127202B3.00
%127213B3.00
%12722483.00
%12723583.00
%12724683.00
%127257B3.00
%12726883.00
%12727983.00
%12729083.00
%12730183.00
%12731283.00
%12732383.00
%l27334B3.00
%l2734583.00
%12735683.00
%12736783.00
%12737B83.00
%127389B3.00
%12740083.00
%127411B3.00
%127422B3.00
%12743383.00
%127444B3.00
%12745583.00

0.615
0.645
0.675
0.707
0.741
0.775
0.811
0.848
0.887
0.927
0.968
1.011
1.055
1.101
1.149
1.198
1.248
1.301
1.355
1.410
1.468
1.527
1.588
1.651
1.715
1.782
1.851
1.922
1.995
2.070
2.148
2.229
2.312
2.398
2.486
2.577
2.669
2.761
2.850
2.931

0.600
0.629
0.659
0.690
0.722
0.756
0.791
0.827
0.864
0.903
0.943
0.984
1.027
1.072
1.117
1.165
1.213
1.264
1.316
1.369
1.424
1.481
1.539
1.599
1.661
1.724
1.789
1.856
1.925
1.996
2.069
2.143
2.220
2.298
2.377
2.457
2.536
2.613
2.685
2.748

0.585
0.613
0.642
0.672
0.704
0.736
0.770
0.805
0.841
0.879
0.917
0.957
0.999
1.042
1.086
1.131
1.178
1.227
1.276
1.328
1.380
1.435
1.490
1.547
1.606
1.666
1.728
1.791
1.856
1.922
1.989
2.058
2.128
2.198
2.269
2.339
2.407
2.471
2.530
2.580

0.570
0.597
0.626
0.655
0.685
0.717
0.749
0.783
0.818
0.854
0.892
0.931
0.970
1.012
1.054
1.098
1.143
1.189
1.237
1.286
1.337
1.388
1.441
1.496
1.551
1.608
1.666
1.726
1.786
1.848
1.910
1.973
2.036
2.100
2.162
2.224
2.282
2.337
2.385
2.425

0.555
0.581
0.609
0.637
0.667
0.697
0.729
0.761
0.795
0.830
0.866
0.904
0.942
0.982
1.022
1.064
1.108
1.152
1.198
1.245
1.293
1.342
1.392
1.444
1.496
1.550
1.605
1.660
1.717
1.774
1.831
1.889
1.947
2.004
2.059
2.113
2.163
2.210
2.250
2.283

0.540
0.565
0.592
0.619
0.648
0.677
0.708
0,740
0.772
0.806
0.841
0.876
0.913
0.952
0.991
1.031
1.072
1.115
1.159
1.203
1.249
1.296
1.344
1.392
1.442
1.493
1.544
1.596
1.648
1.701
1,754
1,807
1.859
1.910
1.960
2,007
2.050
2.090
2.124
2.151

I'll



*********************** THWELLS ...version 4.01 ***********************

%12746683.00
%12747783.00
%12748883.00
%12749983.00
%12751083.00
%12752183.00
%12753283.00
%12754383.00
%12755483.00
%12756583.00
%12757683.00
%l2758783.00
%12759883.00
%12760983.00
%12762083.00
%12763183.00
%l2764283.00
%l2765383.00
%12766483.00
%127675B3.00
%12768683.00
%12769783.00
%12770883.00
%12771983.00
%12773083.00
%12774183.00
%12775283.00

Y [f t]

Y [f t]

715309 716409 717509 718609
2.997
3.042
3.058
3.039
2.988
2.909
2.812
2.703
2.590
2.476
2.363
2.254
2.149
2.048
1.952
1.860
1.773
1.689
1.610
1.534
1.461
1.392
1.326
1.263
1.203
1.145
1.090

2.798
2.829
2.838
2.822
2.782
2.720
2.643
2.554
2.459
2.360
2.262
2.164
2.069
1.977
1.888
1.802
1.720
1.642
1.566
1.494
1.425
1.35B
1.295
1.234
1.176
1.121
1.067

<- x [ft] - >

<- x [f t] ->

2.618
2.641
2.646
2.632
2.599
2.549
2.486
2.412
2.332
2.247
2.161
2.074
1.988
1.904
1.822
1.743
1.666
1.592
1.521
1.452
1.386
1.323
1.262
1.204
1.148
1.095
1.043

2.455
2.472
2.475
2.462
2.435
2.394
2.341
2,279
2.210
2.137
2.061
1.984
1.907
1.830
1.755
1.682
1.610
1.541
1.474
1.409
1.347
1.286
1.229
1.173
1.119
1.068
1.018

719709 720809
2.306
2.319
2.320
2.309
2.286
2.251
2.206
2.154
2.094
2.031
1.964
1.895
1.826
1.756
1.688
1.620
1.554
1.489
1.426
1.365
1.306
1.249
1.194
1.141
1.089
1.040
0.993

PAGE 29

2.170
2.180
2.180
2.170
2.149
2.120
2.081
2.036
1.985
1.929
1.870
1.809
1.746
1.683
1.620
1.558
1.497
1.437
1.378
1.320
1.265
1.211
1.158
1.108
1.059
1.012
0.966

721909 723009 724109 725209 726309 727409

%12686183.00
%12687283.00
%l2688383.00
%12689483.00
%12690583.00
%12691683.00
%12692783.00
%12693883.00
%12694983.00
%12696083.00
%12697183.00
%12698283.00
%126993B3.00

0 .249
0.262
0.276
0.291
0.307
0.323
0.339
0 .357
0.375
0.394
0.414
0.434
0.456

0.242
0.255
0 .269
0 .2B3
0.298
0 .314
0.330
0 .347
0.365
0 .383
0.402
0.422
0.443

0.235
0 .248
0.262
0.275
0 .290
0.305
0 .321
0.337
0.354
0.372
0.391
0 . 410
0.430

0.229
0.241
0.254
0.268
0.2B2
0 .296
0.312
0.328
0.344
0.361
0.379
0.398
0.417

0.222
0.234
0.247
0 .260
0.273
0.288
0 .302
0.318
0 .334
0 .351
0.368
0.386
0.405

0 .216
0.227
0 .239
0.252
0 .265
0 .279
0.293
0 .308
0 .324
0.340
0 .357
0.374
0 .392
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*********************** THWELLS

Y [f t]

version 4 . ***********************

< x[f t] >

PAGE 30

721909 723009 724109 725209 726309 727409
%12700483.00
%12701583.00
%12702683.00
%l2703783.00
%12704883.00
%12705983.00
%12707083.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%12714783.00
%12715883.00
%l2716983.00
%12718083.00
%12719183.00
%12720283.00
%12721383.00
%12722483.00
%12723583.00
%l2724683.00
%12725783.00
%12726883.0C
%l2727983.00
%l2729083.00
%12730183.00
%12731283.00
%l2732383.00
%12733483.00
%12734583.00
%12735683.00
%12736783.00
%l2737883.00
%12738983.00
%12740083.00
%12741183.00
%12742283.00
%12743383.00

0.478
0.501
0.525
0.549
0.575
0.602
0.629
0.658
0.687
0.718
0.749
0.782
0.815
0.850
0.B85
0.922
0.959
0.998
1.037
1.078
1.120
1.162
1.206
1.250
1.295
1.341
1.388
1.436
1.484
1.532
1.581
1.630
1.678
1.726
1.774
1.820
1.864
1.905
1.943
1.977

0.464
0.486
0.510
0.534
0.558
0.584
0.611
0.638
0.667
0.696
0.726
0.757
0.790
0.823
0.857
0.892
0.928
0.965
1.003
1.041
1.081
1.121
1.163
1.205
1.248
1.291
1.335
1.380
1.425
1.470
1.515
1.560
1.604
1.648
1.691
1.732
1.772
1.B08
1.842
1.B7l

0.451
0.472
0.495
0.518
0.542
0.566
0.592
0.619
0.646
0.674
0.703
0.733
0.764
0.796
0.829
0.862
0.897
0.932
0.968
1.005
1.043
1.081
1.120
1.160
1.201
1.241
1.283
1.325
1.366
1.408
1.450
1.492
1.533
1.573
1.612
1.649
1.684
1.716
1.746
1.771

0.437
0.458
0.400
0.502
0.525
0.549
0.574
0.599
0.626
0.653
0.681
0.709
0.739
0.770
0.B01
0.833
0.866
0_899
0.934
0.969
1.005
1.041
1.078
1.116
1.154
1.193
1.232
1.271
1.310
1.349
1.387
1.426
1.463
1.500
1.535
1.568
1.600
1.629
1.655
1.677

0.424
0.444
0.465
0.486
509

0.532
0.555
0.580
0.605
0.631
0.658
0.686
0.714
0.743
0.773
0.804
0.835
0.867
0.900
0.934
0.968
1.002
1.037
1.073
1.109
1.145
1.181
1.218
1.254
1.290
1.326
1.361
1.396
1.429
1.461
1.492
1.520
1.546
1.569
1.588

0.411
0.430
0.450
0.471
0.492
0.514
0.537
0.561
0.585
0.610
0.636
0.662
0.690
0.718
0.746
0.775
0.805
0.836
0.867
0.899
0.931
0,964
0.997
1.030
1.064
1.098
1.132
1.166
1.200
1.234
1.267
1.299
1.331
1.362
1.391
1.418
1.444
1.467
1.487
1.505



*********************** THWELLS version 4 . 01 ********************+** PAGE 31

Y [f t] <- X [f t] ->

721909 723009 724109 725209 726309 727409
%12744483.00
%12745583.00
%12746683.00
%12747783.00
%12748883.00
%12749983.00
12751083.00
%12752183.00
%12753283.00
%12754383.00
%12755483.00
%12756583.00
12757683.00
%l2758783.00
%12759883.00
%12760983.00
%l2762083.00
%12763183.00
%127642B3.00
%12765383.00
%12766483.00
%12767583.00
%l2768683.00
%12769783.00
%12770883.00
%12771983.00
%l2773083.00
%12774183.00
%12775283.00

Y [f t] <- x [f t] ->

728509 729609 730709 731809 732909 734009
%l2686183.00
%12687283.00
%12688383.00
%12689483.00
%12690583.00
%12691683.00
%12692783.00
%12693883.00
%12694983.00
%12696083.00
%12697183.00
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*********************** THWELLS version 4.01 ********************** PAGE 32

Y [f t] <- x [ft] ->

728509 729609 730709 731809 732909 734009
12698283.00
%12699383.00
%l2700483.00
%12701583.00
%12702683.00
%12703783.00
%12704883.00
%l2705983.00
%12707083.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%12713683.00
%l2714783.00
%12715883.00
%12716983.00
%127180B3.00
%l2719183.00
%12720283.00
%12721383.00
%l2722483.00
%12723583.00
%12724683.00
%l2725783.00
%l2726883.00
%12727983.00
%12729083.00
%12730183.00
%12731283.00
%l2732383.00
%l2733483.00
%12734583.00
%12735683.00
%12736783.00
%12737883.00
%12738983.00
%12740083.00
%12741183.00



*********************** THWELLS _ version 4.01 ***********************

%12742283.00
%12743383.00
%12744483.00
%12745583.00
%127466B3.00
%12747783.00
%l2748883.00
%12749983.00
%12751083.00
%127521B3.00
%l2753283.00
%12754383.00
%12755483.00
%127565B3.00
%l2757683.00
%12758783.00
%12759B83.00
%127609B3.00
%12762083.00
%12763183.00
%l27642B3.00
%l2765383.00
%12766483.00
%127675B3.00
%1276B683.00
%12769783.00
%12770883.00
%12771983.00
%l2773083.00
%l2774lB3.00
%12775283.00

Y [ft]

Y [ft]

728509 729609
1.410
1.425
1.438
1.447
1.453
1.455
1.453
1.448
1.438
1.425
1.409
1.389
1.367
1.342
1.314
1.285
1.253
1.221
1.187
1.152
1.117
1.082
1.046
1.010
0.975
0.940
0.905
0.871
0.837
0.804
0.772

1.337
1.351
1.362
1.370
1.375
1.376
1.375
1.370
1.361
1.349
1.335
1.317
1.297
1.274
1.249
1.222
1.193
1.163
1.132
1.100
1.068
1.035
1.002
0.969
0.936
0.903
0.870
0.838
0.806
0.775
0.745

<- X [f t] ->

<- x [fol ->

730709 731809 7
1.268
1.280
1.290
1.297
1.301
1.303
1.301
1.296
1.288
1.278
1.264
1.248
1.230
1.209
1.186
1.162
1.136
1.108
1.080
1.050
1.020
0.990
0.959
0.928
0.897
0.866
0_836
0.806
0.776
0.746
0.717

1 . 2 0 2
1 . 2 1 3
1 . 2 2 2
1 . 2 2 8
1 . 2 3 2
1 . 2 3 3
1 . 2 3 1
1 . 2 2 7
1 . 2 2 0
1 . 2 1 0
1 . 1 9 8
1 . 1 8 4
1 . 1 6 7
1 . 1 4 8
1 . 1 2 7
1 . 1 0 4
1 . 0 8 1
1 . 0 5 5
1 . 0 2 9
1 . 0 0 2
0 . 9 7 4
0 . 9 4 6
0 . 9 1 7
0 . 8 B 9
0 . 8 6 0
0 . 8 3 1
0 . 8 0 2
0 . 7 7 4
0 . 7 4 6
0 . 7 1 B
0 . 6 9 1

32909 7
1 . 1 4 0
1 . 1 5 0
1 . 1 5 7
1 . 1 6 3
1 . 1 6 6
1 . 1 6 7
1 . 1 6 6
1 . 1 6 2
1 . 1 5 5
1 . 1 4 6
1 . 1 3 5
1 . 1 2 2
1 . 1 0 7
1 . 0 8 9
1 . 0 7 0
1 . 0 5 0
1 . 0 2 8
1 . 0 0 5
0 . 9 8 0
0 . 9 5 5
0 . 9 3 0
0 . 9 0 4
0 . B 7 7
0 . 8 5 0
0 . 8 2 3
0 . 7 9 6
0 . 7 6 9
0 . 7 4 2
0 . 7 1 6
0 . 6 9 0
0 . 6 6 4

34009
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1.080
1.090
1.097
1.102
1.105
1.105
1.104
1.100
1.094
1.086
1.076
1.064
1.050
1.034
1.016
0.998
0.977
0.956
0.934
0.911
0.887
0.863
0.838
0.813
0.788
0.762
0.737
0.712
0.687
0.662
0.638

735109 736209 737309
%12686183.00
%126B7283.00
%12688383.00
%126894B3.00
%126905B3.00
%12691683.00
%12692783.00
%12693B83.00
%12694983.00

0.172
0.181
0.190
0.200
0.211
0.221
0.232
0.244
0.256

0.166
0 . 175
0. 184
0 . 193
0.203
0 .213
0.224
0.235
0.247

0. 160
0.168
0 . 177
0.186
0.196
0.206
0.216
0.227
0.238



*********************** THWELLS ._ version 4.01 ***********************

Y [ft] <- x [ft] ->

PAGE 34

735109 736209 737309
%12696083.00
%12697183.00
%12698283.00
%12699383.00
%12700483.00
%12701583.00
%12702683.00
%l2703783.00
%12704883.00
%12705983.00
%12707083.00
%12708183.00
%12709283.00
%12710383.00
%12711483.00
%12712583.00
%l2713683.00
%12714783.00
%12715883.00
%12716983.00
%12718083.00
%12719183.00
%l2720283.00
%12721383.00
%12722483.00
%l2723583.00
%12724683.00
%12725783.00
%12726883.00
%12727983.00
%12729083.00
%12730183.00
%12731283.00
%12732383.00
%l2733483.00
%12734583.00
%12735683.00
%12736783.00
%12737883.00
%l2738983.00

0.268
0.281
0.294
0.308
0.322
0.337
0.352
0.368
0.384
0.400
0.417
0.435
0.453
0.471
0.490
0.509
0.528
0.548
0.568
0.589
0.610
0.631
0.653
0.674
0.696
0.718
0.739
0.761
0.783
0.805
0.826
0.847
0.867
0.887
0.907
0.925
0.943
0.960
0.975
0.990

0.259
0.271
0.284
0.297
0.310
0.324
0.339
0.354
0.369
0.385
0.401
0.418
0.435
0.452
0.470
0.489
0.507
0.526
0.545
0.565
0.585
0.605
0.625
0.645
0.666
0.686
0.707
0.727
0_748
0.768
0.788
0.807
0.B26
0.845
0.863
0.8B0
0.896
0.912
0.926
0.939

0.249
0.261
0.273
0.286
0.299
0.312
0.326
0.340
0.355
0.370
0.386
0.402
0.418
0.434
0.451
0.469
0.486
0.504
0.523
0.541
0.560
0.579
0.598
0,617
0.636
0.656
0.675
0.694
0.713
0.732
0.751
0.769
0.787
0.804
0.821
0.837
0.852
0.866
0.879
0.892



*********************** THWELLS .- version 4.01 ***********************

%12740083.00
%12741183.00
%127422B3.00
%12743383.00
%12744483.00
%12745583.00
%127466B3.00
%12747783.00
%12748BB3.00
%127499B3.00
%l2751083.00
%12752183.00
%12753283.00
%l2754383.00
%127554B3.00
%12756583.00
%12757683.00
%l27587B3.00
%12759883.00
%l27609B3.00
%12762083.00
%127631B3.00
%127642B3.00
%l27653B3.00
%12766483.00
%127675B3.00
%l27686B3.00
%l2769783.00
%12770B83.00
%127719B3.00
%12773083.00
%127741B3.00
%12775283.00

Y [ft]

735109 736209
1.003
1.014
1.024
1.033
1.039
1.043
1.046
1.047
1.045
1.042
1.036
1.029
1.020
1.008
0.996
0.981
0.965
0.948
0.929
0.910
0.889
0.868
0.846
0.823
0.800
0.777
0.753
0.729
0.706
0.682
0.659
0.636
0.613

0.951
0.962
0.971
0.978
0.984
0.988
0.991
0.991
0.990
0.987
0.982
0.975
0.966
0.956
0.944
0.931
0.916
0.900
0.883
0.865
0.846
0.826
0.806
0.785
0.763
0.742
0.720
0.698
0.675
0.653
0.631
0.609
0.588

<- X [ft] ->

737309
0.902
0.912
0.920
0.927
0.933
0.936
0.938
0.939
0.937
0.934
0.930
0.924
0.916
0.906
0.895
0.883
0.870
0.855
0.839
0.822
0.805
0.786
0.767
0.748
0.728
0.708
0.687
0.667
0.646
0.625
0.604
0.584
0.564
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ATTACHMENT VII

Figure  3 - Es tima ted Drawdown a t P roduction Well #8, 55-580149
B(19-18) 10aaa
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Southwest Ground-water

Consultants, Inc.W

June 21, 2007 Project B.1476

ESTIMATED DRAWDOWN AT
PRODUCTION WELL 8

55-580149 B(19-18)10 ala

Mohave  County Wate r Sys tem  Well Fie ld , Arizona
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